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FOREWORD

The study reported herein was conducted in support of DA Project

4A663712D860, 'Military Geographic Systems," Task 04, "AGI Data Base,"

Work Unit 04, "Automation of Performance Prediction Models," sponsored

by the U. S. Army Engineer Topographic Laboratories. The work was per-

forme0 by personnel of the Terrain Analysis Branch (TAB), Mobility and

Environmental Systems Laboratory (MESL), U. S. Army Engineer Waterways

Experiment Station (WES), under the general supervision of Messrs. W. G.

Shockley, Chief, and S. J. Knight, formerly Assistant Chief, of the MESL,

and under the direct supervision of Mr. W. E. Grabau, Chief, TAB; Mr. M. P.

Meyer was Project Manaiger. Computer programs were developed by Miss H. H.

Smith; Mr. C. A. Carlson assisted in developing the model. This report was

prepared by Miss Smith and Mr. Meyer. Mr. A. Vazquez and Mrs. M. P. Terry

assisted in computer programming and compiling information.

COL Ernest D. Peixotto, CE, was Director of the WES during this study

and preparation of the report. Mr. F. R. Biown was Technical Director.
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AurOmATION OF A MODEL FOR PREDICTING SOIL MOISTURE

AM) SOIL STRENGTH (SMSP MODEL)

PART I- INTRODUCTION

Background

1. The study reported herein is a part of the work to automate

performance prediction models of immediate military interest for inclu-

sion in an automated Military Geographic Intelligence data base system.

Completed performance prediction models include the Airfield Construction

12Effort Model in FY 70, the Cross-Country Locomotion Model2 in FY 71,

and the Helicopter Landing Zone Model3 in FY 72. This report describes

an automated model for predicting soil moisture and soil strength (SMSP

model).

2. Methods for predicting soil moisture and strength (defined in

terms of cone index (CI) and rating cone index (RCI)4j were developed

previously at the U. S. Army Engineer Waterways Experiment Station (WES)

for use in predicting the trafficability of fine-grained soils in multi-

pass cross-country vehicular operations.4'5  For that application, strength

predictions were required for the 15- to 30-cm layer, the critical layer

influencing performance of many military vehicles. Moisture contents of

the 0- to 15- and 15- to 30-cm layers were also provided for use in the

prediction process. In a subsequent study of worldwide strength condi-
6

tions of surface materials, soil strength relations were extrapolated to

the 0- to 15-cm layer. These relations bave been incorporated in the

present model. An earlier version of the model was used to predict long-

term trafficability conditions in the vicinity of Saigon, South Vietnam, 7

to provide data for construction of soil moisture and strength records in

synthalogous environments, 8 to provide RCI data for use in an analytical

1
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procedure for quantitatively comparing the similarity of terrain sites,9

and to provide moisture content data input to a model that predicts induced

radiatin activity of surfacc soils following nuclear detonations.
1 0'1 1

3. The model presented herein has been used to predict moisture

12contents for the Seismic Sensor Performance Prediction Model, and strength

values for input to the Cross-Country Locomotion Model 2 and the Army Materiel

Command (AMC) Model for Predicting Cross-Country Vehicle Performance. 1 3 ' 1 4

It can also be used to provide data that can be converted to California

Bearing Ratio (CBR) and soil moisture condition for use by the Airfield

Construction Effort Model (see Appendix G), The model also includes

an option to store data for use in another model that predicts snow depth,

snow density, and frost and thaw penetration 1 5 (herein referred to as

the Freeze-Thaw model).

Description of the Model

4. The SMSP model is a composite of soil moisture and soil strength
4

prediction methods. The prediction method for soil moisture is a daily

bookkeeping procedure wherein aoil water is added as a result of precipita-

tion or subtracted as a result of depletion (resulting from evaporation,

transpiration, and drainage). Predict-ons are influenced by terrain and

weather conditions. 4,-d,-e,-h;5 Soil strength values are predicted from

daily soil moisture predictions by using known relations or relations that

are determined by certain soil properties. 4J,5 The model combines

The program for this model is on file at the WES.

2



SUMARY

The soil moisture strength prediction (SMSP) model is a composite
of the methods developed at the U. S. Army Engineer Waterways Experiment
Station for predicting daily soil moisture contents and strengths (in
terms of cone index and rating cone index) of soil layers at depths
of 0-15 and 15-30 cm. Information required by the model includes soil
moisture accretion and depletion relations, field maximum and minimum
soil moisture contents, moisture content at start of prediction, soil
dry density, soil moisture-strength relation, daily rainfall amounts,
and minimum rainfall amount required fi -retion. This information
can be obtained from one or more of . iources: (a) directly from
measurements at a specific location; (b) indirectly from estimated or
averaged data derived from field measurements, literature, or empirical
equations built into the model; or (c) indirectly from a surface compo-
sition group classifizacion that closely follows the Unified Soil
Classification System.

The computer program for the model is written in Fortran IV conver-
sational mode for use on a teletype connected to a Honeyiell-GE (General
Electric) 440 computer. Output data are stored in permanent files for
use by other performance prediction models, for printing, or for input
to plotting programs.

The main text of the report includes a discussion of the structure,
operation, use, limitations, and mathematics of the model.
Appendixes A-G include detailed flow charts and listings of the computer
program; listings, organization, and format of input data; examples

of prediction runs and graphic displays of results; and procedures for
converting cutput data to terms required by the airfield construction
effort model.

ix



both prediction methods and outputs daily soil moisture content and/or

daily soil strength values CCI and RCI) for soil layers at depths of 0-15 cm

(designated as layer 1) and 15-30 cm (designated as layer 2).

Input data

5. Terrain and weather data are required as inputs to the model.

6. Terrain data. The terrain data, which are referred to as control

data in the automated program, include miniaum rainfall amount required

for accretion and the following for each layer of a given soil:

a. Accretion relations.

b. Depletion relations.

c. Field maximum and field minimum soil moisture contents.

d. Soil moisture content at the start of prediction.

e. Soil moisture-strength relation.

.. Dry density.

7. The terrain data may be one or a combination of three different

types as follows:

a. Specific data. These data include the above prediction rela-

tions anid soil property data that are derived from measurements taken at

a specific location. Use of these data provides the most accurate predictions

of soil moisture and strength for a particular site under a given set of

terrain and weather conditions. Procedures for derivation of specific

Each layer is actually 15.24 cm (6 in.) thick. In converting data from
metric to English units the program uses the actual thickness.

3
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prediction relations are given in reference 4 c; the preparation of the

input data is discussed in Part III of this report.

b. Estimated data. These data refer to averages or estimates

derived from (a) field measurements, (b) puhlished litezature containing

data on terrain analogous to the test area, or (c) equations developed

from soil property data from a large number of sites. These equations,

called tentative average (TA) relations, are incorporated Jn the

model and require measured or estimated values of soil p'o:ja4 rties as input.

The methodology for deriving these equations is discussed in references

4e and 4j. The moisture equations and variables are shown in table 4 and

the strength equations and variables are shown in tables 6 and 7. The

mathematics of the equations are discussed in Part IV of this report; the

preparation of the input data is discus3ed in Part III.

c. Surface composition group data. 'lhese data are also averages

or estimates that have been derived from sources similar to those described

above. However, here a set of control datca has been generated for each

of a number of surface composition groups. The groups correspond closely

to soil classes of the Unified Soil Classification System modified by

the addition of nonsoil water, pavements and structures, and rock to allow

for characterization of the entire surface area. Each soil group has all

the information needed for operation of the model stored in a file subject

to call by a group code number. Materials of the surface composition groups

and the corresponding group code numbers are shown in table 1. The surface

composition group can be used when specific data are not available.

8. Weather data. The w-ather data include daily precipitation

amounts (expressed as water equivalent) and dates of the beginning of saasons

4
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when the rates of depletion change, Provision is made to allow input of

air temperature and snow depth for future ,se with the Freeze-Thaw model.
15

Output data

9. Output data are stored in permanent files for use by other per-

formance prediction models, for printout, or for input to plotting programs.

Te printing format is suitable for use in reports. Soil moisture content

can be presented separately in units of either centimeters or inches of water

per soil layer (15 cm thick) or, if desired, by percentage of dry weight. Soil

strength can be written as CI and/or RCI. The predictions can start or

end at any time during the year as directed, and can run a part of a year

or for consecutive years. Predictions can be made for one or more selected

years of extreme, unique, or typical rainfall distributions. In these

cases yearly starts are controlled by starting moisture content values inserted

at the beginning of the year of weather data input. hlen predictions for

another soil are needed, a restart of the model with new terrain input

information is required.

Limitations of the Model

10. The model predicts the moisture contents and strengths of the

first and second Goil layers (0-15 and 15-30 cm depths). No direct account-

ing is made of water from precipitation that is absorbed by vegetation, runs

off the surface, or drains to lower layers. Depletion is considered a net

loss, and losses specifically from evaporation, transpiration, and drainage

are not differentiated.

V5



Terrain

11. The model does not include all terrain attributes that

can affect soil moisture content and strength. It does not consider the

direct influence of attributes such as water tables, frost, snow, and soil

tillage. The influence of these attributes has been studied, but relations

have not been developed sufficiently for inclusion in the present model.

It should be noted, however, that the model was purposely designed in a

modular format to allow for their inclusion at a later time.

12. The model does not provide daily moisture contents and strengths for

surface materials having strengths that normally are not appreciably affected

by moisture fluctuations, such as clean gravels, cobbles, boulders, stones,

and rock, or materials in which daily moisture contentr seldom vary signif-

icantly, such as very poorly drained (water-logged) organic silts and clays,

and other organics (peat and muck). A general estimate of water content,

density, and strength (in CI) for these materials is shown in table 2.* Also,

the model should obviously not be used for prediction -.n irrigated fields, where

the moisture content or strength of the soils is not related to precipitation.

Weather

13. The quality of the weather data, like that of the terrain data,

can have an important bearing on the accuracy of soil moisture prediction.

The prediction of moisture contents requires input of daily rainfall amounts.

Rainfall distributions may be quite variable over an area, and an intense

rainfall can occur less than a kilometer away from a light shower. This

These data are not included in the automated program. They are presented for
use by analysts desiring to characterize entire surface areas.

6



is especially true in mountainous terrains where sharp changes in rainfall

amount commonly occur with differentes in prevailing winds or in elevation.

In some of the mountainous areas of Hawaii, for example, the average annual

rainfall changes from 50 to 500 cm over a distance of 10 km. The user of

the model should recognize this limitation and try to obtain rainfall data

that apply to the area of prediction.

14. The tentative average relations used with estimated data (see

paragraph 7b) were developed from specific data obtained within the continental

United States. Use of these relations, therefore, should be limited to

areas of similar climate.

Accuracy of predictions for individual sites

15. Soil moisture content. Prediction accuracies were determined from

specific relations developed from 23 test sites. The average deviation of

predicted values from measured values for the 15- to 30-cm layer was

about + 1 percent moisture content, dry weight, for the year the prediction

4d
relations were derived and about + 1.5 percent the following year. The

natural variability of moisture content within a site at a given time is

of the same magnitude (Appendix D of reference 4e). From average relations

and from rainfall ..-a collected some distance from the sites, the average

deviation of predicted soil moisture contents from measured values for the

15- to 30-cm layer (for 601 test sites) was about + 4 percent moisture

content.4e Prediction accuracy for the 0- to 15-cm layer was somewhat

poorer becatwe of the greater variability in the soil at the surface.

16. Soil strength. Strengths for the 15- to 30-cm layer were

predicted from measured moisture contents and specific soil moisture-

strength relations. The average deviations of these strengths from measured

7
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strengths were about + 15 CI or RCI units under wet soil conditions; the

accuracy decreased at lower moistur& contents,44 The natural variabilxties

of CI and RCI within a site are of about the same magnitude.4h  Strengths

for the same layer were also predicted from measured moisture contents and

estimated soil moisture-strength relations. The average deviations of these

strengths from measured strengths were + 30 units for CI and + 20 units for

RCI under wet soil conditions; 4 J again, the accuracy decreased at lower

mcisture contents. No tests were made for prediction accuracy of the 0- to

15-cm layer; but, similar to moisture content, the prediction accuracy is

assumed to be poorer because of the greater soil variability at the surface.

Accuracy of predictions for large areas

17. No tests were made to determine the accuracy of predictions for

large areas (areas several hundred square meters or more). The limitations

of time and money required for the development of the computer program reported

herein precluded the design and operation of a field and desk study to

collect and analyze the necessary data. It can be assumed. however, that

the range of variation between predicted and measured values would be

greater than for individual sites because of the greater variability of terrain

and weather properties.

8
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PART 11; STRUCTURE OF PROGRAM

Comuter Orientation

18. The program for this model it written in Fortran IV language

for the Honeywell-GE (General Electric) 440* computer at the WES and is

to be used remotely by teletype. The system compiler Fortran XFR is

used.

19. An average run for two years of daily precipitation with a complete

output (soil moisture content in terms of volume or percent, CI and RCI for

the two layers) takes from 2 to 2-1/2 .mib.

20. If graphic displays are required, the data in output files stored

by this model can be plotted directly by using the proper programs. The

graphic display program is discussed in paragraph 39.

Main Program and Overlays

21. The program is in conversational mode and is of modular con-

struction. It consists of a main program and six overlays,

and it accesses up to four input files and creates up to nine output

files. If generated data exceed the capacity of a file, the program

automatically opens another file and names it in sequential order.

The Honeywell 435 was upgraded to the 440 in early 1972.

9
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22. The main program, overlays, and required input control

files are on file in the WES Automatic Data Processing Center as tab,%-

lated below.

File or

Overlay Characters
Name Description or Function Source Object Lines

FTWEMS Main program 17571 15333 472

COMPMS Computation core 3234 2628 113

FILIDA Stores moisture content file 4128 3546 127

FIL2DA Stores percent moisture 3222 2556 97

content file

FRODEP Stores output for freeze-thaw 2364 1626 62

program

STFRSP Computes and stores strength 2142 2067 70

from soil properties

CALSST Calculates soil strength 5991 4875 173

DSURGR Soil composition group 9906 - 122

descriptors - data file

DFSTEQ Coefficients of equations 1932 - 40

to determine strength
relation constants, A and

B - data file

Schematic Flow Chart

23. A schematic flow chart shows the logic used in assembling the

program (fig. 1). Detailed flow charts of the program are given in

Appendix A.

10
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Function of Main Program and Overlays

24. The following outline lists the action accomplished in each segment

of the program and the order in which each, if required, is called into use:

a. Main program - FTWiMS - a program F developed in the

Terrain Analysis Branch of the Mobility and Environmental

Systems Laboratory of the WES for predicting soil Moisture

content and soil Strength.

(1) Defines dimensions of the array of each variable con-

tained in "common" statements.

(2) identifies initial data.-

(3) Identifies formats of input data.

(4) Reads all input control data.

(5) Reads all weather data.

(6) Converts input as required.

(7) Activates the proper overlay at the proper time.

(8) Contains a subroutine called by overlays for

special formatting of output when precipitation

record begins other than the first day of a week.

b. Overlay I - COMPSM - COMPutes Soil Moisture content.

(1) Computes daily soil moisture contents for the top

two soil layers.

(2) Stores daily soil moisture content data in data

blocks of one year (January-December).

c. Overlay 2 - FILlDA - creates FILes for 1st type of output

DAta. soil moisture contents by unit layer. Stores

13
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soil moisture content data in a separate file

for each layer. If required, converts soil

moisture contents to percent dry weight.

d. Overlay 3 - FIL2DA - creates FILes for 2nd type of output

Ats, soil moisture content by percent. Stores data in a

separate file for each layer.

e. Overlay 4 - FRODEP - creates a file of data for use in models

that predict FROzen DEPth or thawed depth of soil. Stores

daily precipitation, daily air temperature, measured daily

snow depth (if available), and daily percentage of soil

moisture content data by layers in an output file.*

f. Overlay 5 - STFRSP - calculates soil STrength equation con-

stants FRom soil moisture contents (at specific values of CI

and RCI) that have been derived from Soil Property values.

These constants are stored for use in Overlay 6.

K. Overlay 6 - CALSST - CALculates Soil STrength. Calculates

daily CI and/or RCI.

Listings of these program files are in Appendix B.

Input and Output Data

25. The computer operator can enter the input data, described in

paragraphs 5-8, into a designated input file either by paper tape or

directly from the teletype keyboard, or he can punch them on 80-column

*This overlay is not required for operation of the program. It is included

for the convenience of the user.

14
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c.rds and enter them in a time-sharing file. Some control data are

entered from the teletype keyboard only. This input is concerned with

input and output options in answer to questions posed during the running

of the program.

26. Output data generated by the program are stored in time-

sharing files, which are formatted for printing by SYS:MAX (a WES media con-

version system) without line numbers. A built-in routine slews the

printer to the top of the next page when a page of data is complete.

The output files remain in the time-sharing storage until the user unsaves

them.

Definitions

27. Table 3 contains a list of device, variable, constant, and

flag definitions, and units of measurements with significant decimal

places where applicable.

15
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PART III: PROGRAM OPERATION

28. The successful operation of the program depends on careful

preparation of the input data, an understanding of the user function in

operating the program, knowledge of the limitations and conventions

adopted by the program, and the form, restrictions, and location of the

program output data.

Input Data Preparation

29. Weather data preparation is the same regardless of the input

data source. All other data are control data (see paragraphs 6-3). In

this discussion the terms card and line are used synonymously since data

from a card fills a teletype data line.

Control data

30. Control data describe the top two soil layers and appear on

seven different card types (1-7) as shown in figs. C6-Ci7 of Appendix C.

31. Specific data. If the user wishes to run a prediction based

entirely on specific data he must input on the proper cards all of the

control data (see paragraph 6). The card deck s(-tup is shown in fig. C3,

Appendix C.

32. Surface composition group data. A user selecting control data

input from the surface composition groups needs only to use the five

heading cards (type 7) and the cards with weather data (types 8 and 9) to

16



make a prediction run. If he has information concerning beginning mois-

ture content for each layer he should add card type 3. He can also add

any other card type for which he has specific data. The cards, including

card type 3, must precede cards of type 7. The card deck setup is shown

in fig. C4, Appendix C. The control data card input for each surface compo-

sition group is stored in file DSURGR. The file is discussed in Appendix D.

33. Estimated data. Tentative average control data stored in the

main program are:

a Accretion relation consants.

b. Depletion relation constants.

c. Minimum precipitation causing accretion.

d. Moisture ranges of depletion by soil type, season, and

layer.

e. Maximum and minimum soil moisture equation constants.

Table 4 summarizes the relations from which these constants are taken.

34. Other estimated data that are stored are soil property equa-

tion constants for calculating strength relation coefficients. These

constants with codes that indicate the soil property and its form (In,

1nln, or natural) are :;tored in file DFSTEQ and are listed in table D2,

Appendix D.

Weather data

35. Weather data appear on two different card types (8 and 9) as

illustrated in figs. C18 and C19 of Appendix C.

17



User Function

36. The user is assumed to be familiar with the remote operation

of the computer by teletype and to have checked the compatibility of

the computer system he is using with the system for which this program

was written. He can submit program card decks to the computer operator

for loading the model into the time-sharing disc pack, or he can enter

them by paper tape through the teletype. The main program, all over-

lays, and ell input files must be present to run che program.

37. The user must prepare control data and weather data as described

in paragraphs 29-35 and in Appendix C, and he must be prepared to enter

file names descriptive of the type of output data desired. A file name

is a six-character alphanumeric, the last three characters of which must

be 001 as requested during the running of the program. This makes pos-

sible the automatic incrementation of output data files in sequential

order-XXX001, XXXM02, etc.-if necessary.

38. Three examples of the program operation using specific, surface

composition group, and estimated data are shown in Appendix E. Example 1

18
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uses only specific data. Example 2 uses the same weather data, but a

surface composition group as a control data source. Example 3 uses

estimated data with tentative average relations for the prediction.

These examples also illustrate the user's response to questions asked

during the running of the program. A run providing data for the Freeze-

Thaw model is included as Example 4 in Appendix E.

39. If plotting of the output files is desired, a separate program,

FSPMSD, is included for the user's convenience (Appendix F). If this

program is used, a CALCOMP drum (pen) plotter and required operating

library routines must be available. If the required library routines

listed at the beginning of the program are not available in his computer

system, the user must write a plotting program that will be accepted by

the system.

Program Conventions

40. Ptogram conventions that must be understood by the user, in

addition to those observed in data preparation, are as follows:

£. The internal operation of the moisture prediction phase of

the program is in inches of moisture per 6-in. soil layer.

b. All data input by the user, except density, must be in the

iame system of measurement (either all inches or all

centimeters).

c. Density is always entered as g/cc.

19
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d. All 72 spaces on a teletype line must be filled by data or

accounted for by spaces.

e. The soil strength and freeze-thaw programs use relations

in terms of percent soil moisture content; therefore, the

percent option must be selected for the running of these

programs.

f. Entry of minimum storm data Uiust be in three decimal places

(0.100 in. or 0.254 cm).

g. In converting centimeters to inches, the constant 0.3937

is used as a multiplier; and in converting inches to centi-

meters, the constant 2.54 is used.

h. In converting output from centimeters to percent, 15.24 cm

is used for the thickness of the 6-in. increment.

i. Identification of the run on the top of each page that is

printed from an output file is made from the identification

information on card type 1, and not from the card type 7

heading cards (see Appendix C).

J. The last four characters of the identification must be

numeric and must agree with the surface composition group,

if a group is used as an input data source.

k. If air temperature data are included, both temperature and

snow data cards must follow the last precipitation data

card for each year.

1. The program requires a "RUNBIG" call for its initiation.

20



r. This program uses overlays; thus, object files with the

following names are held under the user work number for

use in running the program:

(1) FTWEMS - O(zero)FTWEM

(2) COMPIS - O(zero)COIPM

(3) FILlDA - O(zero)FILlD

(4) FIL2DA - O(zero)FIL2D

(5) CALSST - O(zero)CALSS

(6) FRODEP - O(zero)FRODE

(7) STFRSF - O(zero)STFRS

To save compilation time, the user can call the program "OFTWEM"

and initiate it with a call to "RUNBIG." This results in a sav-

ing of approximately 30 sec of running time.

n. If the predicted moisture content on the last day of a

season is lower than the minimum moisture content on the

first day of the following season, daily depletion is not

computed until so~l moisture content has accreted above

the new season minimum.

o. If precipitation cards are out of order, an error message

is printed on the teletype. If a precipitation card is

omitted, no error is printed, but zeros are written into

the output file for the days omitted. The output data

beyond that point will be in error.

2. The program ruunds values as follows:
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(1) Soil moisture contents in inches or centimeters are

rounded to the nearest hundredth of the measurement

unit.

(2) Soil moisture content is rounded to the nearest hun-

dredths of a percent.

(3) Strength data are rounded to the nearest unit (CI or

RCI).

Some check data are printed by the teletype during the

running of the program. Should these check data disagree

with those desired, the program can be aborted by hitting

the stop button (S).
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PART IV: MATHEMATICS

41. The mathematics used by the program are simple straight line

and power function relations derived empirically using regression tech-

niques. The overlays "COMPSM" and "CALSST" contain instructions for the

calculation of soil moisture content and so.al strength using the control

data as defined in paragraph 6. The program was written primarily for use

with TA (estimated) input data with options to substitute data supplied

trom specific sources (paragraph 7a) or data characteristic of a surface

composition group (paragraph 7c). This main core of computations makes

possible the total use, partial use, or the use of a combination of any of

the three types of input data (see Appendix C). Provision is also made

for the calculations of maximum and minimum soil moisture contents and of

the soil moisture-strength relations if desired.

Soil Moisture Prediction

Accretion relations

42. Accretion (wetting) of soil depends primarily upon the amount of

precipitation and amount of storage space available in the soil for absorbing

water.4c'4d Precipitation is the critical variable when the total precipita-

tion for a storm is less than the storage available (in the top two layers

of soil). This type of accretion is called "Class I." "Class II" accretion

occurs when the precipitation is greater than the available storage; then

accretion depends on the amount of available storage. Equations expressing

these relations are shown in table 4.
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43. "RHIN" (minimum storm) defines the amount of precipitation

below which no appreciable wetting of the soil occurs. Unless the user

enters a value of RMIN on card 2-1 (see fig. C7, Appendix C), the program

assumes an RMIN of 0.1 in. (0.254 cm). If precipitation exactly equals

RMIN, no accretion or depletion occurs. For precipitation less than RMIN,

depletion is determined in the usual manner.

44. Minimum values of accretion are set at 0.03 in. for Class II

accretion for both layers and 0.01 in. for layer 2-Class I accretion.

Layer 1-Class I accretion for precipitation between RMIN and RMIN + 0.07 in.

(i.e. between 0.1 in. and 0.17 in. in fig. 2) has a 1:1 relation to pre-

cipitation above RMIN when the minimum storm is 0.1 in. If RMIN is entered

as some value other than 0.10 in., the accretion value 0.07 in. must be

recomputed. For example, as shown in fig. 2, a minimum storm (RMIN) of

0.06 in. would result in a minimum accretion of 0.034 in. The user must

enter these minimum values on card 2-1 (see fig. C7, Appendix C) if new

accretion equation constants are used. Accretion relations can be modi-

fied by entering equation constants on card 2-6 (see fig. C12, Appendix C).

The same equation form must be used.

Depletion relations

45. The program accepts depletion relation equations in polynomial

form up to sixth-degree equations forced through zero. The surface compo-

sition groups use fourth-degree equations. The equation coefficients are

in file DSURGR (see table Dl, Appendix D). TA depletion equations (estimated

data) are fourth-degree polynomials, except for two that are sixth-degree

polynomials. The equations define depletion curves that were determined

empirically. 4e
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Fig. 2. First-layer Class I accretion
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46. The equation coefficients were determined by a multiple linear

regTession technique with the intercept equal to zero. Daily moisture

loss was considered dependent on soil moisture content above minimum

moisture content. The equation form is:

Y - ax + bx 2 + cx 3 + dx 4 + ex 5 + fx 6

47. For a specific location, if the maximum and minimum soil moisture

contents for each layer can be determined, these TA depletion equations can

be used. If this is the case, the program computes a factor by which the

site is referenced to the TA moisture depletion during summer, (site maximum

moisture - minimum moisture)/(TA maximum moisture - minimum moisture). This,

in effect, stretches or compresses the TA depletion curves to force them

into agreement with the specific location depletion relation.

48. There are 18 equations in the set, three for each soil layer

for each of three seasons; they are listed in table 4.

Maximum and minimum soil moisture contents

49. TA maximum and minimum soil moisture equations (estimated data)

are empirically derived relations. The constant terms were derived by

regression analysis. Maximum and minimum moisture contents were con-

sidered dependent on soil properties. The properties included in

the program are improved revisions of these equations and can be used at

the user's option to compute maximum and minimum moisture contents if the

soil properties for each soil layer are available. The equations are

shown in table 4 and are of the form:
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Y = a + b(SP1 ) + c(SP 2) +...... n(SP 1 6)

where

Y = maximum or minimum moisture content

SP = soil property

50. The user can supply his own equations, if they are of the same

form, by entering soil properties and equation constants on card type 2-2

as shown in fig. C8, Appendix C.

Soil Strength Prediction

51. Both the CI and the RCI relations to soil moisture content were

determined empirically to be straight line logarithmic. Natural logarithms

are used with specific, estimated, or surface composition group data in

this program. Equations have the following form:

in CI = a + bin MC

in RCI = a + bln MC

where

CI = cone index

RCI = rating cone index

MC = soil moisture content in percent

Given relations

52. If surface composition groups are used for prediction, each group

has an associated CI and RCI equation for each soil layer. If the user

does not use a group, he must supply the strength equation constants using

specific or estimated data. Information for entering these constants can

be found on card type 2-4, as shown in fig. C1O, Appendix C.
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Relations computed from soil
properties (estimated data)

53. In a study analyzing the relation of soil strength Lo soil

properties,4 j six sets of equations were presented to predict moisture

content at specific CI's and six sets to predict moisture content at

specific RCI's. A multiple linear regression technique was used to

determine soil properties most closely associated with moisture con-

tents .t CI values of 200 and 300 and RCI values of 100 and 200. Nine

soil properties were examined, and only those that made a significant

statistical improvement in the relation were actually used. Tables 6

and 7 show the various resulting combinations which were retained in

the equation sets. The soil properties used are as follows:

a. Percent sand

b. Percent clay

c. Percent silt

d. Percent organic matter

e. Percent fines

f. Liquid limit

&. Plastic limit

h. Plasticity index

i. Dry density

54. Once these relations were determined for moisture contents at the

strengths stated in paragraph 53, a straight-line relation was assumed to

exist between in CI and In soil moisture content (see paragraph 51). The

equation for this straight line was then determined by forcing it through

soil moisture contents at a CI of 300 and a CI of 200 (fig. 3). The same
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where: MC200 is the moisture content at a CI of 200

MC300 is the moisture content at a CI of 300

MC200 and MC300 can be determined by any one

of the sets of equations for which soil

properties are known
MC is the moisture content for the day of

prediction

Fig. 3. Cone index - percent soil moisture content relation
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sets of equations are considered applicable to both layers. Similarly,

straight-line relations were established for in RCI versus in soil

moisture content.

55. The partial regression coefficientc for the six sets of equa-

tions used in calculating CI coefficients are listed in table 6. A set

consists of equations for calculating moisture contents when CI is 200

and when CI is 300. The soil property coelficients are listed in the

order in which they are entered into the equation.

56. Partial regression coefficients for equations used in calcu- I
lating moisture contents when RCI is 100 and 200 are listed in table 7.

$
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Table 1

Surface Composition Groups

rganic Drainage
nent Pote a 1Group

Material . Class Code

Groups with Similar Material in 0- to 15- and 15- to 30-cm Layers

Water 0 18888

Pavement and structures >25% coverage 0 2 0101

Rock, stones, boulders, and cobbles,
P.D. sizes >0.074am,is >50%, and >76.2mm,is >25% 2 i0202

coarse grained Gravel, P.D. Clean gravel, P.D. 2
2 t'30P.D. sizes sizes >4.76- I sizes <0.074=.is <5% !___ I_03I

>0.074mm,is 76.2mis IGravel with fines, P.D. " 2 i0707 or
>50% >25% _sizes <0.074sm,is '5-5%i 2

Sand, P.D. Clean sand, P.D. sizes 2 0
sizes 70.074- <0.074i.ais <5% 2 0505

4.76mm, is Sand vith fnes,P.D. 1 10606
>25% sizes <0.074mm, is

-1 5-501 >0-7 2 .0707
Fine grained, Silt, LL Z35 and PI '15 1 0808
sizes<0.074sm, 2 '0909
is >50% Clay, LL >35 or PI >15 1 1010

• 2 •1111
Organic silts and clays (plastic) '7-30 0 - 11212

1 1313

Splastic)

Groups with Different Material in 0- to 15- and 15- to 30-cm Layers

Sand, 0-15 cm, over 1 0610
SC.ay,_.15-30 cm . ... >0-7 2 0711

Silt, 0-15 cm, over 2 9
Clay, 15-30cm 

2 0911

Drainage potential. classifted by occurrence of water table as follows:

Class 0 Water table occurs at surface 90% or more of the time

Class 1 Water table occurs at the surface less than 90% and above 120-cm depth
10% or more of the time

Class 2 Water table occurs above 120-cm depth less than 10% of the time

** Gravel with sand matrix coded 0707; gravel with clay matrix coded 1111
NOTE: PD = Particle diameter

LL - Liquid limit
P1 - Plasticity index
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Table 2

Soil Water, Density, and Strength for
Surface Composition Groups with
Constant Values

Water **

Group Content Density Strength
_1Material Code g/cc CI

Water 8888 100 1.00 0
(liquid),

Pavements & Structures 0101 1 2.50 750+
Rock, Stone, Cobbles, Boudem 0202 1 to 5 2.15 750+

Clean Gravel 0303 1 2.00 100

Saturated Organic Silt-Clay 1212 90t 0.80 25

Peat & Muck 1414 90t 0.80 25L... . ._ _ __ _ _ __ _ _ _

* Percent on dry weight basis except for water

•* Dry density except for water

t Represents an average value estimated from a small number of samples.
Water contents are highly variable and increase with an increase in
the percent organic matter of the material.
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Table 3

Device, Variable, Constant, and Flag Definitions

Devices

Dev I Device handling input data

Dev 2 Device handling output data for layer 1

Dev 3 Device handling output data for layer 2

Dev 4 Device handling output data to be used as input to Freeze-Thaw

model

Dev 5 Device handling linkage with overlay segments of program

Dimensioned Variables and Constants

Decimal

Name Description Units Places
Input-Output

BD(2) Bulk density (dry weight) g/cc 2

Cl(16,2) Individual soil properties variable 3

C2(4) Maximum and minimum in./6 in. or 2

moisture content cm/15 cm

IDC1(35) Storage location for rereading -

input data

IHD(20) Storage for one line of heading - -

IMC(4,12) Names of months - -

ISINUH(4) Four three-character words making - -

up a site identification number

ISLEW(3) Code for slewing to top of next page - -

when printing output by the WES SYS:HAX

media conversion system

1 of 7 sheets
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Table 3 (continued)

Decimal
Name Description Units Places

KIND(3) Code for ty e of surface material and

layers onc and two as needed by Freeze-Thaw -
model

1 - coarse

2 - fine

3 - other

MAXD(12) Number of days in each month

Nl,=AD(2) (1) Number of last month having data - -

for the year

(2) Day of month for last data for - -

the year

IPRECIP(12,35) Storage of daily precipitation for in. 2

one year by month ant day or cm

Moisture Content Prediction

ADF(2) Inverse depletion factor - -

C3(2,2) Accretion equation coefficients - 4

C4(2,2) Accretion equation constants - 4

C5(16,4,2) Maximum and minimum equation constants

CMAX(2) Haximum soil moisture content in./6 in. 2

or cm/15 cm

CHIN(2) Minimum soil moisture content modified -

by the depletion factor

COEF(108) Tentative average depletion equation 8

coefficients

2 of 7 sheets
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Table 3 (continued)

Decimal
Name Description Units Places

CONEW(3,2,6) Depletion equation coefficientz for 7

specific relations (polynomial - up

to sixth degree)

CXMIN(2) Minimum soil moisture content Same as 2

CMAX

DWIC(2,7) Scil moisture content in percent 2

dry weight

PMC(2) Present (prior to prediction) soil Same as 2

moisture content CMAX

RANG(2,3,3) Maximum and minimum soil moisture Same as 2

content limits of the tentative average CMAX

depletion curvea

SDF(2) Site depletion factor - -

STORMC(12,31) First layer soil moisture content storage Same as 2

for one year CMAX

STORMD(12,31) Second layer soil moisture content Same as 2

storage for one year CMAX

X(2) Available storage for soil moisture Same as 2

content (maximum moisture content less CMAX

present moisture content)

XRANG(2,3) Soil moisture content limits (maximum Same as 2

and minimum) for three climatic seasons CMAX

for specific depletion equations

3 of 7 sheets
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Table 3 (continued)

Decimal
Name Description Units Places

Strength Prediction

ABAR(2) Calculated equation constants for cone index - -

B(13,2,2) Equation coefficients for moisture-strength - -

from soil properties

BBAR(2,2) Calculated equation constants for rating

cone index

CON1(2,2) Natural logarithms of 200, 100, 300, 200 - -

D(2),E(2) Intermediate summations in equations -

determining strength equation constants

IMOD(12,3) Form of soil property as it appears in - -

the equation

STCON(2,4) Soil strength equation constants - 3

(1,4) cone index

(2,4) rating cone index

STC(12,31) Daily soil strengths for one year by months - 0

STRLI(2,4) Maximum and minimum strength limits - 0

(1,4) cone index

(2,4) rating cone index

Freeze-Thaw Model Input

SNC(12,35) Daily snow depths for one year by months m 2

TEMPER(12,35) Daily temperatures for one year by months degC 2

39
4 of 7 sheets
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Table 3 (continued)

Other Variables, Constants and Flags

Decimal

Name Description Units Places

Input-Output

AJBN,JB.N,JN Beginning day number divided by seven - -

DMCLAl,DMCLA2 Variables holding unit volume moisture - -

content output file names

DPMLAI,DPMLA2 Variables holding percent moisture content - -

output file names

DCIL%1,DCILA2 Variables holding cone index output file - -

names

DRCLA1,DRCLA2 Variables holding rating cone index - -

output file names

DFRDEP Variables holding Freeze-Thaw model - -

input name

IBD,JB Beginniig day of data - -

IBM,K Beginning month of data - -

IBY Beginning year of data - -

IDAB Beginning day of week - -

IDAE Ending day of week - -

IND Computed format no. - -

ITEMI,ITEM2,IDEVl Additional reread storage - -

lIT Number of soil properties to be read - -

ISD Day of new season - -

5 of 7 sheets
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Table 3 (continued)
Decimal

Name Descriptlion 
Units Llacos

ISM Month of new seascn

1S1 Code for climatic season

I Summer

2 Transition (fall or spring)

3 Winter

ISY Year of new season

ITYPE Code indicating data type

IUNMEA. Code for input unit of measurement

JEND Last day of data for year

JNK Index for weeks, 1-5

LK Last month of data for year

MEAOU1 Code for output unit of measurement

MEAOU Code for output in percent 
moisture content

NEWYR,dYR 
New year of 

data

NSOUR 
Code for input 

source

NTYPE Code for subtype data 
identification 

-

SECT .... SECTIO 
Sector locators

Moisture Content Prediction

ACCR Amount of day's accretion 
in. 2

CICOF 0.07 (point at which accretion equation 
in. 2

is modified)

CIROP Amount precipitation exceeds 
minimum rain in. 2

when accretion is less than 0.07 
in.
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Table 3 (concluded)

Decimal
Naw, Description Units Places

ACCR2 0.03 (point at which accretion equation is in. 2

modified)

DEP Amount of day's depletion in. 2

IDA,MC,IYR Present day, month, year - -

ICOUNT Number of days in current month for - -

moisture calculation

ITEXA,ITEXB Soil texture for layer 1 and layer 2 -

C coarse (sands)

M medium (silts)

F fine (clays)

RMIN Minimum precipitation causing accretion -

Strength Prediction

NCI Number identifying cone index equation - -

desired

NEWLIM Code for new soil strength limits - -

NRCI Number Identifying rating cone index equation - -

NSOST Code for strength equation constants - -

Freeze-Thaw Model Input

NCODE Code for air temperature and/or snow - -

depth data

NS1;OW Code for snow depth data

NTEMP Code for air temperature data - -
7 of 7 sheets
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Table 4
Built..In Program Control,,

Tentative Average Relations
~Acc RION RELATIONS

O-to 15-cm Layer 15- to 3O-cm Layer
Class I Y - 0.47X - 0.01 0 O.22X - 0.01
Class II Y 0 0.75Z - 0.05 Y 0 0.60Z - 0.02

where

Y " predicted accretion, in. per 6-in. layer

X - rainfall, in.

Z - available storage at the start of the storm, in. per 6-in. layer

DEPLETION RELATIONS

Summer:
Sand -

First layer moisture range, 1.26
f(x) - 0.15970948x - 0.2 8827749x2 + 0.37098284x3 - 0.13067845x4
Second layer moisture range, 1.00
f(x) - 0.20865303x - 0.64984646x2 + 0.87560732x3 - 0.30605206x4

Silt -
First layer moisture range, 1.87
f(x) - 0.15190803x - 0.07720229x2 - 0.01280603x3 + 0.01851488x4
Second layer moisture range, 1.63
f(x) w 0.09612290z + 0.01073670x2 0 0.10720756x3 + 0.055480)77x 4

Clay -

First layer moisture range, 1.47
f(x) - 0.11641490x + 0.06704479x2  0 0.09112914x 3 + 0.03120642x4
Second layer moisture range, 1.08
f(x) - 0.14304453x - 0.10102288x2 - 0.02103815x3 + 0.10071059x4

4,3

I of 3 sheets



MW - V---

Table 4 (continued)

DEPLETION RLLATIONS (con.)

Transition:

Sand -

First layer moisture range, 1.05

f(x) -O.08401220x - 0.01562037x2 - 0.10949078x3 + 0.12228349x4

Second layer moisture range, 0.72

f(x) - 0,2713529x - 0.53982006x2 + 1.12524850x3 - 0.58561447x4

Silt -
First layer moisture range, 1.55

f(x) - 0.1138717x 0 .6558373x2 + 1.8700644x3 - 2.3253802x4 +

1.2952910x
5 0 .26246686x6

Second layer moisture range, 1.25

f(x) - 0.02789788x + O.2445313lx2 - 0.86060142x3 +.299803321

0.097359290x5 + O.29132112x6

Clay

First layer moisture range, 1.43

fix) - 0.0832181lx + 0.11716883x2 0 .14710818x3 + 0.04910032x4

Second layer moisture range, 0.93

f(x) =0.03492386x + 0.36829518x2 - .90742210x3 + 0.61582018x4

Winter:

Sand-

First layer moisture range, 0.54

f(x) - 0.12882001x - 0.32751050x2 + 1.05098860~ _ 1.0462256x4

Second layer moisture range, 0.35

f~)- 0.09068948x + 0.37645999x2 - 0.7983778lx3 + l.1306980x4

Silt-

First layer moisture range, 0.42

f(x) - 0.16554710x + 0.32448206x2 - 3.5931164x3 + 6.0923182k4

Second layer moisture range, 0.30

f(x) -0.16854730x - 1.2164306x2 + 5.0226953x3 - 5.9828479i4

Clay-

First layer moisture range, 0.92

f(x) - 0.13851029x - 0.32294633x2 + 0.51095728x3 - 0.23644523x4

Second layer moisture range, 0.46
2 4

f0)- 0.14694158xc - 0.50856800:k + 1.2942848x3  0.74715639x

where
x soil moisture content (in, per 6-in, layer) above minimumm

moisture content 2 of 3 sheets
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Table 4 (concluded)

MAXIMUM SOIL MOISTURE CONTENT AND MINIMb SOIL h.LSTURE CONTENT

USDA Soil Textural Clessification Terms

Field maximum

First layer

F. max - 2.01 - 0.013 S + 0.132 OH + 0.189 WI

Second layer

F. max - 2.01 - 0.15 S + 0.008 C + 0.215 WI

Field minimum

First layer

F. min - -0.121 + 0.018 C + 0.101 OH + 0.105 WI

Secon d layer

F. min - 0.170 + 0.025 C + 0.013 OM + 0.061 WI

Unified Soil Classification System Terms

Field maximum

First layer

F. max - 0.602 + 0.011 F + 0.014 LL + 0.181 WI

Second layer

F. max - 0.221 + 0.014 F + 0.011 LL + 0.224 WI

Field minimum

First layer

F. min - -0.354 .- 0.001 F + 0.024 LL + 0.092 WI

Second layer

F. min - -0.094 - 0.001 F + 0.025 LL + 0.044 WI

where

F - fines in percent
LL - liquid limit
WI - wetness index (see table 5)

S - sand in percent
OM - organic matter in percent

C - clay in percent
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Table 5

Classification of Sites by Wetness Index

Wetness potential Depth to Depth of General Characteristics
Ine Wetness Water Table Wetting of Sites*

0 Arid Indeterminable Less Located in desert regions
than
1 ft

(0.3 m)
Dry Indeterminable 1-4 ft Steeply sloping, denuded, or

(0.3 to severely eroded and gul-
1.2 m) lied. Mostly semiarid to

arid regions

2 Average More than 4 ft More Well-drained soil with no
(1.2 m) than restricted layers or pans;

4 ft fair to good internal and
(1.2 m) external drainage. Slope

may be flat to steep

3 Wet 1-4 ft To water Soil not well drained. Re-
(0.3-1.2m) table stricted layers or deep

pans may be present. May
occur at base of slopes,
on 'erraces, upland flats,
or bottomlands

4 Saturated Less than 1 ft To water Sites" waterlogged or flooded
(0.3 m) table at least part of year.

Bottomlands subject to
frequent overflow. Upland
flats with poor internal
drainage or shallow pans.
Slopes with very poor in-
ternal drainage

* For use in classification when water table and wetting depths are not
measured.
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APPENDIX A: DETAILED FLOW CHARTS OF COMPUTER PROGRAM

Appendix A contains detailed flow charts of the main program and

subroutines produced by the computer program, FLOWGEN/F-II, which is

on file in the WES Automatic Data Processing Center. Each segment

(subroutine) is detailed separately. The flow charts of the main program

and subroutines are as follows: main program, fig. Al; subroutine

WRIBWK (part of main program), fig. A2; subroutine COMPMS, fig. A3;

subroutine FILlDA, fig. A4; subroutine FIL2DA, fig. AS; subroutine

FRODEP, fig. A6; subroutine STFRSP, fig. A7; and subroutine CALSST,

fig. A8.

Al



Fig. A!. Detailed Flow Chart of Main Program
(34 pages)
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I S OVR .COMPPIS
c *OVR.FIL2OA

SOVR.CALSST
SOY .SiFRSP

I C .u...6COPION AILEOm..uuuunuauuuseauu

-ZOMMON !0C11351.PMCI.hSTOI12.31 i.NSTEQ(43.AF(7311401(201.CXMIN(2).
ITEnPER112.351-sNOu12.351.COFE3..).XRNGL2.3;.S CONw2.u

1I2).KINO(31.ISLEWI3h.DUMI2B).PREC!P(12.36).B(13.2.21.11112).
CONII? .2 h.t 2) .E123 * IMOO12 .2) .ABR I.2) .DAR(2 . ) .NICLAII2),
NtCLA2121.NPILAI12).NPLA2(2).NFROEP(2).NCILAI(2V.NCILA2(2I.

NRCLA1121.NRCLA212)#NSOUR*IUNMER.NYEMPoNSNM.*NYRI1EgAo

IO.IYR.ITEMP.ICOUNI.ACCR.OEP.CIC0F.CiROFNCOEACCRIACCR2190K*
JUL .JIL .JUG.LUD.JOK.NOB.#JEM.JAZ.JEL.JEB.
NV YPE .NEWL III NENCOF .NSOST .NR LL .JUB .190 ,IBM . 18? 'IENTR.
MEAOUI .MEAOU2dK.LK.JS.JEN0,r(10S.AJ9N.JBN.JN,(PNC.SEC12.5EC12
SECT3.SECT4.SECT5.SECT6.SEIoi.SECTS.SECT9.SECTIO i CIONACIS
SAI ND * DAB.* OAE .JNK .JNI .NO .SION .NUPIB ,ISEG .NYISEO .NY25EG

[~ *iuuEOUIVALENCEO VRAL~E~uu~~uuuaumuuuauuu

IEOUIVRLENCE (NICL.DNoCCLRI ).NMCLR2.oIICLA2).INPMLR1.DPMLAI IC.INPLA2.PLA2).(NF0CEP.OFREP., CILRI.OCILAII.INCILR2.0CILA)
L(!.CA41.0RCLA1I .INRCLA2.ORCLA2)

DATA NUB.ISEONYISEO.NY2SEQ.NEWFIL.ACCRI.PCCR2V0OOP .0.00
3.0.01 .0.03/

ORTAIMOR/12HJANUARY .12HFEBRUARY -12MM1ARCH4
12IIAPRIL .I2HIIAY 012HJUNE
12HIJULY .12HAUOUST 12MISEP7EMBIER
12MOCIOSER .I2HNOVEPIBER .12HOECEM9ER /

JORTAMAXO/31 .28.32 .30.31 .30.31 .32 .30.31.30.31/

DATA COEF/0.1S970948.-.0827749.0.370982U4.-.l306784S@0..0..
0.20865303.-0.64984646.0.87560732.-.30605206.0..0..

I .09612290..0107367,-.10720756..05648077#0..0..
.14304453.-.10102289.-.010O3815.t007169.0..0..
O.0841220.-O.O1562037.-O.10949078.0.I2228349.0..O..
ftl.127135?9.-O.S3982006.l .1252dfl5.-O.58561447.0..0..

121387111.-.6583730.1-9700644.-2-3253602@
1.2952910.- .26246686.I

CONI. ON PG 2
ES I OF 34
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0.027S9788.0.2445313h.-.8606I42.1299PO33.
-.97359290..29132112.
.00321811..11716063#-.14110e18..04910032.0..0..
.03492386.*.36029518.-.90142210. .615820 10..0..
0.: 2882001.-0.3275105.I.0509886.-1.0462256.0..0..
0.09066948.0.37645999.-0.19637781.1.13069g.0..0..~

.165S4710..324461206*3.5931164.6.0923102.O.O

.1685473..1.2164306.S.0226953.-5. 828472,0..D..

.13851029*--32294633*.1095726.--23644623.0..O..

.14694158.-.504661..294?84(8.-.74715639.0..0./I

OATA AIN~l~STNLI*CIC0F.NEWCOF/0.1.750..O..76o..0..300..0..30t ..0.T1
0.07.0/.
STORNC.ST0I"D.TENPER.SNi0.STO/372.O..372u0..420e0.d20...3'2.0-.
tdvR.NAxotO/O0IC3/.47.7,.22..60/.C4/-.OI...OS.-.O2.-.02/ j

OATA *ONO/1.26.1.00.1.37.I.63.I.47.1.08.1.05.O.72.1.55.

.21...0..O..04..O.0..60.20.00.2.0..0.0.0
R0.354...0..0...0@0. .4.O. .0..O..0..0.09.J.0..0..0..

*Od.S0.60.0..0.00..0261.0..01.0..0..(,.040..C.e.o.o...0..-
0220l-0.6..0.010:0..0.D.o.....0.215.O.0..0O.*.0.
-01730..0.00.00...00..0.0 .0..0.061oO*.02.0-......

IC sassmFORNAl TT~N5..gga~uauaeeeee

FFOTI 2X.432.2I2XI.2FtZ0Cl

~jTIIKJ(lXF..70.1]

IOMT(Ig,2.211 .4X.8F7.3I



4

rFORMNR.203

FORMAI(X.I11,3(X.1211

FORIIRIEIX .212.2K .AI I

FORHAT(Al I

FORMAII7( 6 2

FORIIRT( II

FORNRTI8X.IF6.
2)

FORIIRII1

I-FONRT7X. .1.6F 30.83

CON1. ON P0 4 PG__3_OF__34
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FOR1ATAX.F5.3.XI.42F6.011

jAR--1 X .32F53 TIT

FOR 7 ( SX.7.O .X_.4)F73_

FORT(O3.4

LFORMATIX.12,

IFRM 5"SITE 2X .4A3

LFORMTI S TEXTURE.SX.AI.4X.AII

CONT. ON PG 5
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FaIORIBHel OENSITY.7X.F6.2_.4X.F6.2)

EFO.MAT11HeBEO MC.4X.2F10.2

26 ___________

FORPIAT116H SOIL PROPERTIES.SX.5F1O.3/2X.7FtO.3/2X.6FI0.31

1FORI AIII1t IIAX-IIIN HC.6X.4F10 .3)

29
FORMATI 13i COEFFICIENTS.8X.4FIO.3/2X.6FO.3/2X.SFO.

FORMAII IX.F9.O.FIO.J I

jF~l~ IX.312.X.lF6.2)

FORMARI(A6)

~I~T241.SHO- 15 ClR LAVEi=./)

ii0 6 F OF 34



3d

V5DRAT(20X.2IMSO1L MOISURE IN161

2_X.2N____ MOSTUR CM/l5 CHI

fFO~IA1iT2 .1 4H0 6 IN LATER./ I

[FRT14X.l5*I6 12 lIN LAYER./l

IC sommeADDITIONAL CONTROL IP~u..Oe~e*uu.e~eee

PRINT.'FOR INFORMqATION CN RUJNNING TIlS MODEL SEE USER S MANUAL-'
PRINT. **WHEN ANSREKINO YES OR NO QUESTIONS*'
PRINT., USE I FOR YES AND 2 FOR NO.'
PRINT.'IS INPUT RAINFAU. IN CM*
READ * UN"ER
PRINT.'IF YOU WANT OUTPUT MOISTURE CONTENT IN~
PRINT** INCHES ENTER A Is C" ENTER A 2'
READ .nEAOU:

PRINT.'NAIE LAYERS 1 AND 2 SOIL MOISTURE CONTENT fILES.
PRINT*, EXAMPLE'XXIOOI .X%2001
READ 39. NMCLAI.NfCLA2
PRINI.DO0 YOU NEED OUTPUT MOISTURC CONTENT IN PERCENT.
READ .PEADU2__ _____j

IF I *1EADU?.EO .21 F

CONI. ON PO 7
Pj1L. .'



FPiINT*'NAME LAYERS I AND 2 PERCENT MOISTURE FILES.L

lO0Cit1 3:101

PRINT.'IF YOU "AVE AIR TEMPERATURE. ENTER A To IF NOT A 9'
READ S.NTEMP
JO8=I
PRINY.'IF YOU "AVE SNON OEPTHIMI*ENTER AN SNs IF NOT A 9'
READ S.NSNOW

HS F
IF(NSNONiEO3N

T

3UNO( 3 1O

PRINT.NN"RT 1S YOUR INPUT SOURCE**

PRINT.*ENTER' I FOR SURFACE COMPOSITION GROUP. OTHERWISE A 2'
READ .NSOUR

F
IFINSOUR-EO.-13

GO TO 60

CONT. ON PG 8
0G 7 (F 34
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PRINT~RE AX AND "IN4 SOilk MOISTURE EQURT IONS INCCUDE -,N E
PRINT.IU DATR FILE4

CALL PENFI.SA 3

IOTO 16

JCLOPENFII5 DSURGRJ

rPR;.frCEN7ER THE NUMBER OF YOUR SUR-IC ROUP:-

00D 70 1 =1 .500p

F

# F
IFI (NSCGNU-NCMSGN 3.EO .03

IC someRERO SITE AND SOIL I _____IF________________non __________8__0

CONT. ON PG 9



A4 A4

MOK-1

tONI.N PG 10

F0 F3

59IEX.G.H



mwv l-

12pc-

FlITEA-3HM 1125.24.12

124.ONPG I

60



.u IZFC11EXe3HM 135.134.135

KIWD 3I 1=23

1361

K_ __



READ 101141 REN.CICO.21ISTRLYPJIE 121J1A

00~~~IN If17.l4 l.1YPE7-*7ITP

F
IFf IUNIIEA.EQ.1 .ANO.NSOUR.EO.?1

IC evesuREAD DEPLE710N ECUATION C0EFFICIEN751nsu..u...u..uu....u...u..

CONY. ON PG 13



FREAO'01.I3i NS.NL.(CONEN(NS.NL.JJ2.JJzl.6)

INFNYPE

(: mau REO' TRENG1H ENUATIO COEFIN5ENTL .J u..aa7577..u5wnu-m

NSMO :NTYPE

ffB63



C .uaREAD IOENTIFIC47ION CODE FOR EQUATION TO COMPUTE S~NT.e
LC .e EQUATION CNTN~eeeemgug............

-READ(I 201282NC .NRCI-

NSO5T-5Ty PE

LG TO 160>O

I C amemeREAO BEGINNING SOIL

Ion

=RwT76PM1 3PMC(2i

GO To13

- --- - - - - - - - -- 0 8

pMC(I 1iPMit 12..3937-

C ----- REAO AND PRINT MAX AND MIN $0IL MOISTUREseems.e......es...7

CON1. ON PG 1s
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J:1.2 I.)C2 1111.1

CONT INUE

- - -- - - - - - - - - < 00 393 1 =1. 24

CHAX I6w2(I)sC2(3937 O

PINT ?7-.9(IC2 (J I:.4

CONT I NUE 1

PO92 3

6SF



is -w -

CONTINUE 5

F ±

66NOR.Q2



I CONINUEI

--ZGO To (0.i Q1 TO

20

CONTINUE

600 206 M=1.2_ - - - 18 i

!0.TO2023:

0170 203 >F

2067



IF 11 -8 125 20 .0-

20-4--

CONI I NUE
00 F10f~. 2

CON NUP 9



ffw3

I C enoeRED CNSTNTSFOREGUT INS OPTN:OSURHA N Ia

I RRD IEN33)I 4..CLINNCIII6

IDE VI:F

CaNT. O P3 2

PpNgOF 3



11.11

CONTINUE

C21N3-O.

- -- -- -- -- -- -- -- 00 1190 1:1.11>

C souueREAO AND WRITE IRIOoaau~~~uaue.~uu~eeu

FREROlI O!.5)1l0(j3.J=1.2Qj

1:1

00 TO 217

00a 220 1=1.5 -- 2

CONT. ON PG 21
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rREADS 1.51 SHO( J).J: 1 .201

CO4UE3

[WR 7 10 TOJ~ 23 )

R MR!TESl(2.361J=20

lt RTEI3. 36OJ)1 :2

WRITE(3 1

loo TO16

2O31 ONPG 2
WRITE10F 34

'7b



IC aeveuREAO SEASON CHANGE CRSISUUUUUUSSI.UUSq..

SO~dF

I~F (uB1E I

Ot 
N PG 

2

00 TO 2.15



00 TO 215 >

~T .g.R~f PEIPTAIN RAI EMERTREO SO CR~umuC9.

22I.ONPG 2
r$DF()=RANIJ.II.)I/CMAX023C0F N34

AOfI =/BF 3



~303

2249

IF(NCOOE-NSNOWI 2240.2244.2240

0

2244
IREAMI 101 -9 1 ISNOIMC.JJ I JJ7-IQO.NORA I

10TO 300

0H4

READ11OI.311 IOR.MO.JYR.IRF(JjI.jj:1.7)i
FF

F ION E.EMdOANO. 11Y.-E0. IYR.ANO.ISO.3T IOR

T

IOACK:1 IA

F
IF IYft.LI NEwyRi

CONT. ON PO 2s

742 2. 3



------ ~---- ------- ,~- w -- -

GO 70 498 34



F

IF NKi I INMAXZW].2

-- - - - - - - - - -0 246 JJ=1.7

(RF(JJGT.30.ANO.FJLL.

CONI. ON PG 27
-44

76



DD9
247

F
IFI 110 EO .21

GO 70 248

G0 T0 240

ICOUNT=31

00 10 250

249
1COU TL30

2

CONI INUE

FNIOR: IDA

0 0 2651 NT:1.7 --- 2

CON7. ON4 PG 28P07W 3
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27 - - -

1C eseCOIIPUTE SOIL ~i1Reauuiguuuueua~m~~...

ICL INKIS.WWOPMIl

EE 1
300

IF (JAG 2EY .2'



w - -F

3O04 ONPG 3
FG9F 3

IFNTI.Q.! 95



lw

CALL 
IN 

OE P

C OLL L INKG*F

CONT. OJ PG 3

F~

80"AU2EI1



FF
IFFSOT EOR2..E.IBY

L oUwUCOMPUC OI STRENEUOT~uNuuuuueem FM SOIL PROuuuEmu1Eum.ue

F
IF.('45051.EO .4 .O NSS .YR EO .Y)

CAL LNK.OIPG 32

F a~~

IFNOS.Q..NOI81QIFY



=E41
4W

S

L-



w'Mo

E87

-- 60 ~10 130. p40.E

-C '-GO TO (32.49I.O

4803



PRINT.-PRECIPITAIOP FILL IiAS DATA OUT OF ORDER."

FEND

84J.



Fig. A2. Detailed Flow Chart of Subroutine WRIBWK
(6 pages)



uuu...:RI1E FIRST WEEN OF OUTPUT DATA FILES WITH BEGINNING An~.
OTHER THAN THE FIRST DAY OF WEE~eeuumsenoauumemau

r 1 t . "*24~h .F

__1I__
E~iiiTII .I. 2-4X.Jt .6F?.OI

62 if________
EfOPITIIX.2 1-.2.4X.2(714 I.&F7.2

2oI"-*12*4X*2(7H 1.SF7.03

IFORMRT(IX.12,1"..I2.4X.3(7" 1.4F72

I! RllTIIX.I2I-.12,4X.317H I .4F70)

jFRAlXI.I-1,X47 1.3F7.21

14
f~iT 2.IiH--12s.XSI7H I ZF7 .2 )

CONI. ON PG 2
PG I OF 6

864



FORMIAI( IX.12.IH-.12.4X .617 7li-2

C JNI.

IFON.EPGlL

87



-~ w

F
< IF I[N 1t40.EQ.62 1

iNRITE3.6331R1IE.(STORMC(l.JJI.JJ:JNNi.IORE)

F
< I F I JN10.EQ.62 1

T

LWRITE3.62lDA8,1ASTRC.JIJ:NIOE

CON?. N PG F
P03 OF

IF(NDEO63



?-ZTI364 11CA5. I AE.1 STORK1OI I J,;J:N9.O

)RTI.6SIIOAB.IORE.fSTORMO I.Jjl.jjJNIDAE I

F

NWRITEI2 .66 hORS, lOPE .1STORNC I. JJ I.JJ:JNK.lORE I

Fd

CONT. ONd PG 5



IF I INV EO.66 I

IWRITE(3.66110A8.IDRE.(STORlDII.JJI.JJJNK.OAE)I

GO to 8011

CONT 
INUE

F
1Ff INO.E .61 1

T

f-RIfTEINO 161 )13. IORE A5(STIIJi I iJ=iNK .IOREI

NR1F(N.16311OA8.JOAE.IS7O(1.JJ).JJ--J.NK.1AEI

CONT. ON PG 8
PG S OF 6

soI



I~~~~~F wRIIN.6)!NOnEIOuJ.J6N4:AE

WR IIE (NO 164 HOAS. IORE I STO( I ji IJJ:JNK. I AEI

ENF

-< I( IO-E-65

W.I~N.I',IABIA.5T(IJ9 'j"NK-l0A

FFI



Fig. A-. Detailed Flow Chart of' Subroutine COMMS
(11 pages)

9.



ISUBROUT'INE COIIPMS

00 600 J%1.7 - - - 10o

IFIRF(JI-77.111601.602.603

0

Sol

0

-- < -i-07TO (640.6 053 JOK

CN.ON PG 2d
PG I OF i

934



/.

/
/
,/

/

i 

604 
'

I 2

/

// 605
/ A2 :_L
/ -,

/ is--Is)
-1 -. -.- -.-. .-. .-. . .<00 609 1:1.2.

* / 
V

/ IITI I

-IFI NECOF LT.2.OR .NEWC OF.GT.21

Ci I Wi:IAiI)XRNII-- )

"f I

/ I CIIINI I J:CNAX( I 3-XRRNDL I .ISI

lOO 1'0 609

- Se

l ~~IC14hI ll CIM X~i i -R NG (J ,11 T IS ) O F I l )

-~o -1 -:.2) ------ 9

CON1. ON EG 3

94



-w -w

GO TO 1612.613.61d.615.JEl

612

. .... ......... IF(RFIJI-RiiIN If +67. 1

0

64

CONTIU

seseciAuCCRETION ACLTOmuumuuuuuueuewua~!..i

XI I I~cmRlxi I 3-PrdIt I
X1 3CI X(21-Pl C121

4 F(RF(j)-X(l3-X123,621.62Q*620

0

620
11:2

JEfl:3

CONY. ON PG 4
PG 3 OF



G00614 -- -

621

J[I :4

1C eveaACCRC3111.1R.Xf I ANCLASS. 21

6214--

IF( ACCR 1622 .622 .623

624

IFI 11 
.El.1

10O TO 626

CONT. ON PG 5

96



rrA7V ..



629

< 
F

IFU-I.GEO.II- ____-R2-

00TO 627 D

IC NEW MOISTURE CONTENT

IPHCIj1:PNC III.RCCR

CONt. ON PG 74
PQ 6L :Y.



HE -

iS..uUUCNVEH BOSTR BOTN TO DY4lHmuuuuuuuua

[~ncu.b~P C~h627 oiuaO..o

k' 4ZI

631
*1F



GOT 3

89

OEP:O.O

00634 116

64

IFIDEPI 631.631.63S

IJL IJ-LA16u -1 -I 11111113-13.36g I S)*AXI IX4AXs(

=OEP:.0.0

- - -- - - -- -- -- <00 636 1:1.6>

*c C cesaTENTATIVE AVERAGE OEPLETIO=N.ua.

* 0EP:0EP*,COEFI IJ'.t. )at SGF I W IICt I I-CtIINI J11164L
IJKL: IJKL41

-- -- -- -- - - - - -- -6 CO N INUE

IC moveTANSFORIEO OEPLEIIONmwoem

CN.ON PG 94

loo..L



LC tonsoNEWi MOISTURE M.NIu~ -.Ieeeeemuuaugaeeegm

P I 1I INJI

60 OF II

- -2 - .~ Q- 

CCibWhI



STORNEI I.ITEH ~O F

GO TO 639

GO TO 639

-C4
j7HCOT ONPG-P~ I

[SO 1O(".7M)Pl



INIRX(12:OI
INMRXO(21=ITEMP-I
JZ2J

RETURN -

10.3



- -- -

Fig. Ak. Detailed Flow Chart of' Subroutine FILiDA
(15 pages)

1041



SUBR OUTINE F IiIDA

***..NRVE SOIL MOISTURE IEi.eouueuaauuumaauu

L4ONPAT12OX.23HJOENTIFJCATION NUMBER -4R31

FORMAg 13A31

LFRT4(t$ ./31I

LEO~tMTIIX.3HORY.2.X.2HI9.123.

IFOR" a.IHll-.I2.4X.7F7.217

=0RT24X.15MO- 15 CH LRYER./)1

IFORMAT123X.16R15 -30 CH LAVER./)

'PORMAIIX2.2HSSIL MOISTURE IN/ 6 IN)I

CON?. ON PG 2
PG I OF IS

105



36 __ _ _ _ _ _

1±9RH~t2'2"SCIL M0157URE 7t/1 WC?1j

IFORMT124X.14HO- 6 IN yiF/

IC amnauTEST OUTPUT CHECK~S AND OPEN FLS.auuu.euueoeuu

0010O650

F)

tI. ORGINEPG 3

l Ti

tG TO65



lip

.'eRITEI TE )

II

CON1. ON PG 4
PG3 OF IS

107-



bR IIE i2.=O

iF(NEW F IL .EaOI-.. ----

00O TO 663-4.

CALL PNI.ML2

CALL SEISCI3SC2

I WiRITE( 3.2711SINUP1

IFIHEAOUI.E40-1

IFIMfEACUI-EG-11

IWR!TE 3. 301

iopo

lo I



If I- MErO I -2

109

Li



7JENDfAEOI 
121

y

0655 ~~jN

I~~~ ~ ~ .jPE~ I E-

110



6 > ~ 657
STORMOfI .JI:SlORIOlI .Jls2.S4

I IRITE12.311 I ( MOAf11.11. llz1.41. I

WRITE(3.31 3 1?IOR(II.I . 11=1.41.1f,
J814:RJBNd

P0 OF 9S

If 111 T_ e



- -- -- -- -- -- <00 661 NM:IOR.0'

Vi~iOR1CI I iEo.OO - * - - - * -

0102



Pow w

lORE JENO/

II.EO.NMRXO( I).hN.JN.EO.NMi

lOA: IO'

7d

113
Sa I



lw NIP

66?

IF t I. O. I~ .EQ.:12

N IE .2 1 .ISUN

FF

IFgIEADUj E.~ 11

IP

CORY. ONPG 3

114



IF(MEAOU -1

CFMOUI. NPG 2

IWRITP(2.36 IS

us

K . 7. I.EI2



Po w IMF

1RT11636



- -- -- -- -- -- - - DO 5065 J:Jq.JEND

I STORMICI I.J k-STORlC( I.J)u100./(BD(l I .

ICONT INUEI

- -- -- -- -- -- - - - - <00 666 J=JO.JENO

SJORIIC( I.J):STORICI I.JI.100.I(OO( 111524

CONTINUE]

CALL SRVSCT(2.SECTI

FJ
CONI. ON PG 14

PC 13 OF AS



IG0 TO 668 ---

CALL C SEF 121CA

[-JA J~-

CLL SVCTIO3SECT I

00 iTO 670 li
CR CLOSEFI 3.OMCLC1R2

iC aneakuEEB FOR NEW CONTINUATION OUTPUT FL~u.uan....u.

CONT. i'd PG is



I

NEWFIL =0

ENF

IF(HO(NYIEGW18 EQ-0

11



Fig. A5. Detailed Flow Chart of Subroutine FIL2DA
(10 pages)

!W



lww

soceeNRITE PERCENI MOISTUREFJ5uumuguumeuuuuugm.

FORMRT12OX.23"IDENTIF!CATION NUMBER':.4A33

FORTI9924HPEKCENT MIOISTURE CONTET

FORMAT I 3R3 1

r-OMTIX. 12.1H-.12.4X.7F7.2)

I:ORMT24.Isui- IS5 CM LAYER./I

IFRTt 23X.6HI5 -30 C" LAYER./)

CONT. ON PG 2

PCt OF 10



38

FOR4AT124K.S6-2INLF./

[c *u..uTEST OUTPUT CHECKS AND OPEN IEu.u..e....es..

-I::: -IYR.E0.jB1.OA.NEWFlL-EO.I

Go TO0 700 -1

t-i

WRITE2.7IIU

ONT. 1 ON G h

W T2 "



loop,

A,

If imEAOu I EO-2 I

T

WRITE(2.331

WRITE12.301

F
lFljyR.EQ.jey.OR-NEWFIL-EQ-lJ

70 -,>-

GO TO 701--,
-A

CALL OPENF 13 ,DPMLR 21

ICALL SE7SCT(3.SECT41 I
T

lot
IwRITE(3.271.ISINUMI

WRITE(3.281

F
-<I F (MEIAOUI -EQ - I I

I

WRITE(3.381 j

CONT. ON PG 4
PG 3 OF In

lZ3



IF1lAU.(4 ---

wRIlF13.341

tWRIYE1=3.301

<00 702 1I(.L- -

_ _ _ I so

IORE --



F

- *..uWRITE OUTPUT WHEN BEGINNING WEEK IS ONLY PARTIALLY FILLEDsu.Z.

00 706 N:IORBAIE -- C6

i2

L _1=0-N-



w -wMop- -----

TO 0

CO.ONPINUE

GO~~ To70

- p.A4



IDAB: !ORB*7

4 -

IDAE=_-AE4



- - - -

CFNOUI. N PG



p

CALL SAST3.E4I

iZ9



IFIgIYR.EO.jBY .OR.N~wFIL .Ea.11 -

T

GO 10 7101~*

fCALj LOEF3.L 1

IC eo.oe7EST NEED FOR NEW CONTINUATION FLuuuguggu.,.g,

END---71

NPMLI,2)-NMC~iLJ
NPLA[2=MCA12

130



- -- -w limp,- V w

Fig. A6. Detailed Flow Chart of Stfbroutine FRODEP
(5 pages)



pow lw- -w y-

--eseNR4TE AR07RTEMPERATURE AND SNOW FILESvuneuuvuueusimmemove
*** seORMAT 5 STATEMEN T Son ease a *ussoeesugggus~~~us~u

[TdRMi~lc 8X.24HlDEN71FICATION NUMBER' .4A31

FORMRT13A31

2

(OMAI2A3 I

FORMAT(6X.25HOENSITY' 0-15 CM LAYER.FS23H/M 153
CM LAYER. .FS.2.4HG/CMI _________

34 1
FOIRM1UIX.49HFR0ZEN DEPTH OF SOIL(CRREL-t9681 DATA INPUT
FILE./ 3

FORMAT(IH ./I]

36 v
LFORATI6X.9"MEASUREO SNOW DEPTH.//)

T
CON7. ON PIG 2

FIG OF S

1323



IMF -ow

37
FORHATIIIX.4hSNOW.3x.HPRECIP-.3X.3HAIR.6x-13hS!IL I'.R6t
13HSOIL IIOIS71JlE) I______________

E~T~6x.!?.32

CM AYE.!3X.17H 15-30 CH LAYER.=)__________

IS oeoe@ROIIIONAL INPUT CNR~g~g~guugu.ia~u.q..

PRINY.-ENIER NAMES OF SNOW.FROZEN SOIL DEPTH MODEL INPUT rIE-

C asonaTEST OUTPUT CHECK AND OPEN F ILESeuuuuuuuuese ee*use a it

FEIL ENF4.FREPI

CON1. ON PG 3

133



00-21 ,K - - - D-

HWRI(o4
8F

00 TO 853

QP3 IF P

WRTE4*3lB134802

KRM .5



SWTANDI I .SNO I________I .EIER j 'l"-

3 -I- T 0 8 5 2 3 I I I SL E W

CAL L SAVSCT( 4 .SEC19I1

CALCOEF(4.OFROEP)

NY25EO:NTSEO.I

CONT. ON PG 5

135i



V -~ .Imp-

A R3

ISEO: ISEG. I

A4

F
IFtIOINY2SEO.#3).EO.O

NFROEPf2J:NUIBsISEO/10u256IIODI SEOI

egeTEST NEED FOR NE4l CONTINUATION FILEamsuu......a.s.

NEWF 11:0

F
IFIIIODI NY2SEQ.3 ).EO.O3

T

NEWFIL:1 I
RETURN

FEND

S FINALI

:136



po 1 W -MOP- -

X4

Fig. A7. Detailed Flow Chart of Subroutine STFRSP
(5 pages)

:13'7



SuBROuTINE SIFRS

:uaC OPUIE SIE4NCIH E(JURT ION CONSIRNIS FROM SOJI PROPERTIESugm

[FpRMATI'5X.21"1NCORRECI CI 10CD

CONII I.1 ):RLOG1200. I
CONI(I.2):ALOOI 100.3
CONI(2.! 3:ALOGI300.1
CONI(2.21:-ALOOI 200.)

CALL RWSCI1SECTIO)

CALL OSFII

*.uesSEARCH FOR STRENGTH EQUATMO CONSTAN7S~ssuuouui...uuwusueane

CALi. OPENF( 1.'OFSIEQ I

. .. . .. .< D 800 II-1.NCI

- ~ ~ ~ ~ ~ 0 -8 -01 e 511:2D --

FREAD (I .) I (OIJ. I .I z1.12

-- ~ ~ ~ ~ 0 80 -J --- --- - -

tOI.ON PG 2

CONI.G ON PG

1384



iiE At 1 tl J.2 .:i

a CONT I NUE

CALL CLOSEFI I

CALL OPE 4FtI.SAH3

CALL SEISCT(1.SECIIOI

Ic seek INOICATES LAVER.LI IS CONE INGFN.LZ IS RATING CONEsesesootom.!

<~~ ~ ~ ~ 000L1.2>D

DILI=Btl~h.. 1- -..

<0013219DLTR=1111 1A1



- -

:::fiTEMP-2LO .60f 09IP

WF JEMP-210604.800.8009

0

sc*aw-CJIPUTE L#N OF WARA~u~uumusuauu~uum.gum

G~mQCaNT.T ONL OF

BIGO~~

LT"P.AO 140OTEP



2 .2 .

C ON? I NU E

NN: N

8 OF STREt" E.u

~A~ ri~ ~ ,, IL ''fCON1124 I W-OIg I .. " l 'i.

MO TO 820

PRPT AGCONEE EQ.- : t *. RLANI

SICO I -

STCON I.NNl:8fARL.N,

CONT. ON PG 5

JAI



- --.- w

;NNNNil

4.2- [ 0

CONUE

PU F FINAL

142



I

Fig. A8. Detailed Flow Chart of Subroutine CALSST
(21 pages)

-4
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lw - -w

ISUBROUTINE CALSST

.esuudman uum
muuieCOMPUTCON INDEX AND RATING CONE INDEXauuessuawasmouse m.
owueumFORMAITRENTuuuequuueeuuuuguuumu..

IrORA(?OX.?3HIOENTIFICATION NUMBER' .4A3

FORMAT(I3A3 I

IFOMAT RX1.III.124.F70

41

IIK~A~i~.16iMIS 30 CII LAYER.=/1

FORMAT24X.14NO- 6 IN LRAYER./)

CONT. ON PG 2 P F 2

144



35
jF0RMAlTg4X.ISH6 -| IN LAYE. :

39 -

IFORIATI26X.IOHCONE INffxl]

40 ,

IFORMRTI23X.IIHRITING CONE INDX|

41 v
-FORMgll2R3.1.2.X.2A3.tX.2IX

T

GD0 'le 750

rEc m eeAOUITIONAL CONTROL INPUT TO DETERMINE SOIL STRENGTH REQUESTes I

JPRINT. 00 YOU WANT CONE INDEX FOR FIRST SOIL LAYER. SECOND LAYER. I

PRINT.'RCI FOR FIRST LAYER. SECOND LAYER- SEPARATE ANSWERS I
PRINT. bil e COMMAS. EXAMPLE 'FOR RCI ONLY FOR BOTH LAYERS;2.2.1I .
REAO.INSTEOD13,1:141 I
PRINT.'ENTER NAMES OF SOIL STRENGTH FILES TO BE USED.ENTER
PRINT. KOOATA IF A FILE IS NOT TO BE USED.'
PRINT. EXAMPLE FOR RCI FOR BOGTH LAYERS;NOOATA.NODATA.XXIGOI.Xx2GO:
READ 41. NCILAI.NCILA2.NRCLAi.NRCLA2

'75

CONTINUE

1 C semesTES! OUTPUT CHECKS AND OPEN FILES*..s..... ... e.......'.. .

00 77~3 IzI.4 2c-

CONT. ON PG 3
. . i •

j45;:



-Y-0 fl 'Ot-M IL -EQ, Iw-- FW

I FF

C ALL apENFIZ,DC LftjI

Y LL 1 E.I 1

L~LLSEST7? -__

CN.ON PO

146



CALL GESC~3.SC?6iJ--

fCO . ,t 711

1L47



- -- V - - -----w~w --- -w

00- 7A3 JNL

F
IF IEO .4X 1)

HA44



4C 1

1FIE-49.404



lw4

SOIJ 3. xP'STCOII ISTOI LI -LOOSON 1111 1

):XL. ON G

Go o150->D

K5



- -- ------------- im .....lwl

II G

ONI NUEQ

151



L E(Nq27FISIN6UW'

JOG? ON7PG 10m

< (I



8i>

wrI TE INO.34 I

GO O4759 4o

13



POW lw

84
"58

IF(MEAOUI.EQ.ll 
F

T T

WR I TE (NO .371

j 

E 
(NO 

* 
3

IF(MEAOLII.EG.21 
F

tlE 
A 
OL 

-E 
G. 

2 
1

0.E(40.331

759
WRITE( 0.301 1

00 760 LOUT--K.Lil 17

Je=I

F
MOD 07.1-AND-LOUT-EQ. 8M.ANO.IVR-E0.IBT

7

IDAR=I

I IDAE:7wRl7E(NO.31)(ItIOA(II.LOUTI.11=1.41. l7val

< 00 '761 NW=1.5 1> 14

v 4

CON7. ON PG 12
PG It OF 21



IV(B.E.1.R.GOT.(N14-l

0CO)T.0 N PG 33

4::.--~ ~ ~ ~ ~ ~~r 1I F l

00TO76



w --- v -

6-7

14DO:60. I'K- I]

EcAL. RIWKJ

STNO.

00TO 763

176

~~~NUV

CONl. ON PG 14
eG 13 QF 21



F I L0UT1.-EO.0A XO 0 I 1.AN.J.gNW 0- i-

Eo..

0 10 6S

11I1J02 l~E

CONIOPG 5

763J

I KDA I ED8 -



IFlL .OTL. .OROUI-.EO.21

NRI.E.3OR.3IO

O0 TON PG6 46

I~~~P CS OFwWRT 21-YA

JWIT(N. 156INU



.cZIFtI.E I~ N zM'AX _

IF IEO.?.ANOdiEAt)UI. 0.r

WRITE(NO 341

GO0TO767

aE"I

1i59

= C_ __ _ 4 . . . . . .. . - -



wIF -5

WRIIEIO.33I

CONT. N PG 1
F( ~ ~ ~ ~ ~ PIO 21Q4AOMAO E-I

17



GOT469

768

IF 1-21 '770.771.77?

CALL SAVSCI 2?.SE C'

CALL CLOSEF12.OCILAI 3

CALL SAYSCYI 3.SECT61

CALL CLOSEFI 3.OCILAZ I

00 10773

CALL SAYSC .ET71

CONT. ON PG 19



CALi CLOSEF(3.ORCLA2I

0TO 77l>

CALL CLOSEF(2)

00 T0 773

EFCNLL 776 .1 SE CT76)7

FLL COSEM71

00TO 773

CONI. ON PG 20
PG19 OF 21

162



NO W- -

e~4

GO To 778 6L-

r -CRLSWSC-2.SECT7lj

fCL LOSEF21-

GoT773

ICAL AVST.E 1---

NRCLA2(2 1=4PICLA f2 1

CMFO.O PG 2

Ic ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~2Z asse.S NEDFRNWCNIUAINFIEswisssnwa es*s

1L63



- -~- wrE --- 1w

16.



APPENDIX B: (OXPUTER LISTINGS

1. This appendix contains the computer listings with line numbers of

the main program and subroutines as follows: main program, table B1; subroutine

COMPHS, vable B2; subroutine FILiDA, table B3; subroutine FIL2DA, table

B4; subroutine FRhDEP, table B5; subroutine STFRSP, table B6; and sub-

routine CALSST, table B7.

Id

BJ

K A 't-|



Table BI

.Listing of Main Program,. FTWE)M

l~nSOVR, COMPMS
110OvRPFILIDA
J2u50 .R,FIL2DA
£30SOVR#FRODEP
10 SO yR.CAL SST
l'0SovRsTFftSP
160%RPC
165C*****COMNONVA ALE.oee.eeeaeeooeeee4ooaesoo
17,j COMMON I0C1(35),PMC(2)oSTOc12.31).NSTEO(4),RF(7), JHDe2O).CXMIN(2),
18.JTEIPER1435)SNO(12.35).CONEW(3.2.6).XRANG(2.3JSTCON24).
I9ji&STRL!(2.4J.NMAXD(2).RSINUM(4)C3(2.2).C4(22DWtC(2.7),COEFc10b),
2OG5mAxDC12).imOAc4e12).BDc2),RANGc2-.3)oXC2).Cl(16.2,#C5(1642),
'1OSCMAX(2),Ci4IN(2),C2(4).STORMC(12.31).STORMD(12,31).ADF(2),SDF(2).
e20811(2) eMINDI 3). ISLEWC3! .DUM(25) .PRECIPC 12.35) .8113. 2,2) .81112),
?JO4CON1Z2.2)eD(2).E(2).ImOD(12.2),ABAR(2,2).BBAR(2,2.NmCLA1(2).
24IJNMCLA2(2)INPMLAIC2),NPMLA2(2).NFRDEP(2):NCILAI(2).NCTLA2 (2).
2!58Nk(CLA(2)NRCLA2(2.oNS0UR.1UN?1EA.NTEMP.NSNOW.NYR.ITEXAs
26td! EXB.RMIN.ITYPE.ITEMI.!TFM2dI.#IDEV1.ZS1.ISD.ISM.ISy.1!T.IDA,
2I/i8MO. IY. ITEmP, ICOUNT.ACCR.DEP.C1COFDCIROF.NCODEACCR1.ACCR2.MOK.
2SflIJUL. JIL .JUGLUB.JOK.MOB.JEM,JAZJEL.JEB,
3608NTYPE.NEI4LIM.NEWCOF.NSOSTNR.LLJU8. 100. 39K. !Y,NEWYR,
3/nIMIAOU1 .MEAOU2,K.LK. JB,JEND.NTOS.AJON.JBN.JN.KPMC,SECTISECT2#
380&StECT3.SECT4. SECTS. SECT6. SECT7. SECTS. SECT9. SECT1O.NCI. NRCI.
3908SAM. IND. IDAB. IDAE,JNK.JNI .NO.STDN.NUMB. ISEO.NYISE0,N'y2SEO
395C*o***EQUI VALENCED DABEeeoeeeeoeeeeeeeoeeeeo
450 EUUIVALENCE (NMCLAl.DMCLA1).(NICLA2,DMCLA2.CNPLA.lPLAl).
4608(tvPMLA2,.OPLA2). (NFRDEP,DFRDEP). NCILAl.DCILA1). INCh A2,DCILA2).
4708(NRCLAI .DRCLA1) * NRCLA2.DRCLA2)
475Coa*&*DATA NALZTOoeeeee.eo..eo.eeeoaeeeo.
400 DATA NUMB.ISEO.NYISEQNY2SEO.NEWFIL.ACCR1.ACCR2/"001".O.O,0.
49080.0..j1,..03/
500 DATAINOA/12HJANUARY #12HFEBRUARY .12HMARCH
51081lI4ApRIL #12HMAY #12NJUNE
52c81eHJuLy o12HAUGUST #I2HSEPTEKBER
53oW1HOcTOBER .12HNOvEMBER #12HDECEP4BER I
540' DATAMAXD/31.28.31.30.31.30,31,31.I0.31.30,31/
550 DATA COEF/&.15970948,-0.28827749.O.37090284.-.13067845..O..
57090.208653u3.-O.64984646.O.87560732.-.30 605206.0..O..
5908. 15190803,-. 07720229.-. 01280603*.Pr'851498.. #
61(j.0961229 ce.01073670,-.10720756..05548 077 .O..
63080.jl64190,.0.6704479.-0.09112914.312642#..O.O.s
65 o8.143U4453,-.lol02288.-.02103815*..00 71059 .0..O..
67080.08401220.-O.01562037,-0.1094907a.0.12228349.D....t
69080.12713529.-O.53952006.1.1252455.--.5856144/.0.&.o.
7108.ll387l71.-.65583730.1.8700644.-2.32538o2.
720&1.2952910# -.26246686#
7J080.0278978d.24453131.-0.8606nl42.1.2998033#
7409-. 9735929('. .29132112#

7704.0349236.36829518.-.90742210..6158?O1S.O.,o..
790Jd.12882001.--.3275105,.o509886,-j.0462256*.O.
81s0 8. 68948. 0. 37645999. -0.79837 781. 1.13C698. 0. * .-

8508. 16b5473.-1.2164306.5.0226953.-5.986479,0..0..
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Table BI (continued)

Listing of Main Proiram. FTWEHS

87ua.13851029.-.32294633..5lo95728.-.?3644523,o..a.,
890&.14694:58,-.5o08568.1.2942848.-.74715639.O. DO.,
91b DATA RMIN*.STRLI,ClCOV',FJE4COF/0.1,750..C. .'50..O. ,300..O..300.,O.s
9158U.3/,0/,
9208SToRmCSTORWD,TEMPER.SNO.STO/372..37?eO..42000..420.O.&172e0./.

97n DATA RANG/1.26,1.OO#t.87.i.63. 2.47.1.OB,1.05,O.72,1.5
98041-25*1 43#0.93.0.54o.5..42,0.30.0.92#0.46/
97t) DATA QFPRECIP/, o . .42000./,NOKJLLJILJUGLUB.JOKtHOB.JEM.JAZ,
IOCO&JEL.JEB/6.0.0.0 oC.DOO./.juDK!ND/'J,3.O/,ISLEU/6193023.
1~009355711.8355711. 4COF,.1EWLIMNSoST/0.O.0/.NTOS/1H9/
1050 DATA C5/LI.602,O.,u. .(.0.011,0.014.0.,C. eii.O.0.IGI0..O.,O...O.
1060&t'.221.0.t..O.0.0.014,0.01l.0..O.,.o.&0.224.0....O..oo.

10790.354.3..O.0.0..0.0240...32,O.018.0.O.O..O.

1125C~oe*FORMAT STATEtENTe....e**&O..o..ee*Oa..o.*eeee..eo*9eeee0e
1130 1 FORMAT (2X,4A3.2X.2cAl,2X) e2FIG .0)
1140 2 FORMAT(lX*r9..7F10.)
1150. j ORMAT(1X#I2.2Il.4x,8F7.3)
1160 4 FoRHAT8P7.3)
11)0 ' c)RMATCX-2GA3)
1180 6 FORmAT(x.!1.3tx.I2))
l2ic / FOR14AT(lX.2I2#2X.Aj)
12.u IJ rORMATCAl)
12j0 9 FOF#MATM8X7F6.2)
122~0 10 rORMATC 11)
1239 11 FORMA1c6x.7F6.2)
124!7 12 rOPMAT(1N
1250 13 rORMAT(7X.12.I1.6F10.8)
1260 14 FORMAT (4X*2 (F5.3. X .4C2F6,O))
1270 *45 FORMAT(10X-3(2F5.?fl
12be1 6 FOHMAT(5X.4F7.3,5X.4F7.3)
1290 17 FORMA(3X,4(2F8.3,)
13"" !8 FORMAT(3xP12.11.6FIO.C)
1.510 19 FORMATIOX.14)
1320 20 FCRMATCI41
13 0 el VORmATCX,12)
1344P e2 FORMA7(5HISITE.2x.4A3)
135~J 23 FORM4AT( 8H TEXTUREv8XsA1#4X*A1)
1,360 4 FORmAT(8H DENSiTY.7x.F6.2.4X.F6.2)
lJ' ce5 FORMAT70H REG MC.4X#2Fl0.2)
136V' 16 FORMAT(164 SOIL PROPERTIES,5X.5FI0.3/2X,7F10.3/2X.6FI0.3)
139a e7 rORmAT(11H MAX-MIN "C.6x#4F10.3)
140UJ e8 FORMAT(3X.212)
14-P 29 FORPAT (1314 COEFFICIENTS,SX,4F1 0.J/2xe6F10.3/2X,6F10.3j
1420 .5O FORMAT(lX.F9.O.FIC.)
14-n .51 FORMAT(lx.3I2.x*7F6.2)
1440 S2 FORMA7(A6)
1 4-0t S3 rORMATc24x.15HC- 15 Cm LAYER./)
14-u 34 FORMATc23x,16w15 -30 CM LAYER./)
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Table B1 (continued)

Listing of HMain Program, FYEHS

1470 45 FORNAT(20X,21HSOIL MOISTURE IN/6 IN)
1480 J6 FORMAT(20X,22WSOIL MOISTURE CM/15 CM)
1490 37 FORMAT(24X,14WO - 6 IN LAYER , /)
1boO 38 VORMAT(24X,15H6 - 12 IN LAYER,/)
11O 69 FORMAT(2A3,1X,2A3)
l1j5C4**4*ADDITIONAL CONTROL INPUT**.*e*e** o**ee*E*oe.o*.o**4
1b2 PRINT,"FOR INFORMATION ON RUNNING THIS MODEL SEE USFR'S MANUAL."
1b3 PRIN1.t,"WHEN ANSWERING YES OR NO QUESTIONS,"

1540 PRINT," USE 1 FOR YES AND 2 FOR NO."
1bSO PRINT,"IS INPUT RAINFALL IN CM?'
1560 READ#IUNMEA
1510 PRINT,"IF YOU WANT OUTPJT hOISTURE CONTENT IN:"
1bPO PRINT," INCHES ENTER A 1; Cm ENTER A 2"
1b90 READMEAOU1
16r0 PRINT,"NAME LAYERS I AND 2 SOIL MOISTURE CONTENT FILES."
1610 PRINT," EXAMPLE:XX1001.XX20CI"
1620 READ 39, NMCLA1,NMCLA2
1630 PRINT,"DO YOU NEED OUTPUT MOISTURE CONTENT IN PENCENT?"
1640 READmEAOU2
1650 IF(MEAOU2.EQ.2) GO TO 50
1660 PRINT,"NAME LAYERS 1 AND 2 PERCENT MOISTURE FILES."

1670 PRINT," EXAMPLE:XXIOOIXX2001"
168", READ 39, NPMLA1,NPMLA2
1690 >0 1DC1(1)=101

1700 PRINT,"IF YOU HAVE AIR TEMPERATURE, ENTER A T; IF NOT A 9"
1719 kEAD 8,NTEMP
1720 JOB:i
1730 PRINT,"IF YOU HAVE SNOW DEPTH(M),ENTER AN SN; IF NOT A 9"
1740 READ 8.NSNOW
1750 !F(NSNOW.EQ.3HS )KIND(1)U1O
1160 PRINT,"WHAT IS YOUR INPUT SOURCE?"
1770 PRINT,"ENTER: I FOR SURFACE COMPOSITION GROUP, OTHERWISE A 2"
1780 READNSOUR
119U IFCNSOUR.EQ.1) GO TO 60
J.800 PRINT,"ENTER THE NAME OF YOUR INPUT FILE"
1810 READ 32,SAM
1820 PRINT,"ARE MAX AND MIN SOIL MOISTURE EQUATIONS INCLODED IN THE"
1830 PRINT,"INPUT DATA FILE?"
184U READMMDD
18'0 CALL OPENFt1pSAM)
1860 GO TO 160
1870 60 CALL OPENF(I,"DSURGR")
1880 PRINT,"ENTER THE NUMBER OF YOUR SURFACE GROUP"
1890 READ 20,NSCGNU
19v0 UO 70 1:i,500
1910 READ(C,IU)ITYPE
19i0 IF(ITYFE.EQ.J)READ(101,19)NCKSGN
1930 IF((NSCGNU-NCKSGN).EQ.O) uO TO 115
1940 / CONTINUE
1945C**#e*READ SITE AND SOIL IDENTIFICATIONo**..eoa*..#..o.*.***Cee*0
1950 :15 eOK21
1960 ITEMl=IDC1(1)
1970 READ(ITEMl,1) ISINUM, ITEXA,ITEXB,BOD(l),BD(2)
1980 PRINT22,ISINUM
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Table Bi (continued)

Lis ting of Main Proptram. FrWEI5

199U PRINT 23,IYEXAITEXB
20o0 IF(ITEXA-EG.3HN )KIND(2),10
2010 IFCITEXBEO.3HN )KIND(3)u1'J
2020 PRIN124#61D(1),81D(2)
2030 IF(ITEXA-3HC )122,120#122
2040 120 IT(I)xKIND(2)z1
2050 GO TO 128
2060 122 IF(ITEXA-3HM )125#124*125
2070 J24 IT(1I2KINDc2)x2
2080 Go TO 128
2090 125 IF:ITEXA-3NF )1289127#128
2100 127 KINDC2)i2
2110 IT(1)=3
2120 128 IF(ITEXB-3HC )132#130*132
21,30 130 IT(2):KIND(3)zl
2140 GO TOi 150
2150 132 IFVUTEXB-3HM )135#134ol35
2160 134 KINDC3)=2
2170 IT(2)=2
2180 GO TO 150
2190 135 IFcITEX8-3HF )15Ov137#150
2210 137 KIND(3)x2
2210 ITC2)=3
222U 150 JULz1
2230 .JoKxl
2235C4***,READ DATA FROM INPUT FL~..eeee~eoeeeae.*o*e
2240 160 READ(1#10)ITYPE
225e GOTO(115D170*18O.1909190*200,210.230,240).ITYPE
22.0 170 READ(IA)1,21)NTYPE
22701 GO TOcl72,174.176,178.179,175)NTYPE
221: C3....READ LIIT.e...o.*...~e~e...e.eo.e...
220) 172 READ(1Ci1u14) RMIN.C1COFe((STRLI(I.J),131D2).JX1,4)
2290 t'EWLIM=NTYPE
2.SuO IFCIUNMEA.EQ.1,AND.NSOUR.EO.2, RMINxRMIN*O.3937
2310 Go TO 160
23i5Co****READ DEPLETION EQUATION COEFFICIENTS.............**............
2320 174 IFCNSOUR.EQ.2) G0 TO 1175
2330 READ(1O1,13) NSNL,(CONEW(NSPNLJJ)tjjzl,6)
2340 NEWCOF=NTYPE
2S50 GO TO 160
2360 1175 READC1o1.18) NSNLe(CONEW(NS.NL-..1.'JJa1,6)
2370 NEWCOF=NTYPE
2300 GO TO 160
2390 175 CONTINUE
24030 READ(101,16)((C3CN.I ).Nx1.2)sIZ1.2), (C4CN.I),Ns1.2D1:1.2)
2420 Go TO 160
2425C~o.e.READ MOISTURE RANGE BY LAVER AND SEASON****0**9****A*4*...ee.
2433 176 READ(101.15,((XRANS(!,J).1u1.2),JS1.3)
2440 GO TO 160
2445C***READ STRENGTH EQUATION COEFFICIENTS*e.............OO....o.*...**
2450 178 READ(101.17) (STCONCI#J)eIL1,2),J=1*4)
2460 NSOST:NTYPE
2465C'*.'*READ IDENTIFICATION CODE FOR EQUATION TO COMPUTE STRENGTH**-**#*
2466C9*-e EQUATION CONSTANTSO@*ooo**#***oooeoeeeO*O*O*@4eO4000#@
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Table B1 (continued)

Listing of Main Program. FTWEMS

2470 179 READ(1Ql,2 8)NCI*NRCI
2480 NSOST:NTYPE
2490 Go TO 160
2495Ce*60READ BEGINNING SOIL OSUEeee.e...e.a...g...
2b00 180 READ(101,3O) PMC(l).PMC(2)
2510 PRINT 25#PMCC1)#PMC(2
2520 1F(IUNHEA.EQ.2.OR.NS0UR.EO.1) GO TO 184
2530 DO 16~2 I112
2540 182 PMCUI)&PmCI,.o.3937
2550 184 JUL92
2560 G0T0160
2565C**.READ AND PRINT MAX AND MIN SOIL MOISTURE...........,..............
2570 190 READC(1,2)(C2(I)eIzle4)
2580 IF(ITYPE-5)192#191#192
2590 191CONTINUE
26!10 Do 1.95 1:1,2
26.0 Jzi+2
2620 CmAXCI)=C'.*BDcI)*C2cI)/l0.
2610 CMIN(I):6.*9DCI)%C2CJ)/l00.
2640 195CONTINUE
2650 i92 1FCIUNMEA.EQ.2.OR.NSOUR.EO,1) GO To 394
2660 Do 193 191#4
267L' 19.5 C2(I):C2CI)*6.3937
2680 194 PRINT 27, CC2(1)sI,1g4)
2690 DO 196 121#2
270U jzI.2
2710 CMAX(I)=C2(I)
2720 CXMINCI):C2cj)
2730 i96 CONTINUE
2740 IF(NSOUR,EO.2) GO TO 197
2750 CALL CLOSEFC1)
2760 PRINT,"ENTER NAME Or RAINFALL FILE"
2770 READ 32.SAM
2780 CALL OPENr(i,SAM)
2790 19? GO TO (198.160,#JUL
2800 198CONTINUE
28!0 PMC(1)zCMAX(l)
28W0 PMC(2)vCMAX(2)
28.50 JUL:2
2640 GOT016C
2845Cc****READ SOIL POETE~Oe.eeee............,..
28SO 200CONTINuE
2860 IDEV1:101
2870 Go TO (201#1150),MIK
288U 201CONTINUE
2890 MOK=2
291:0 00 206 M21&2
2910 ITEt42=IDEv1
2920 READ(ITEM2#21) 11
29.50 II'(II.GEB)GO TO 202
2940 READ(1O1#3) JIINSCS#J. (C1.cIrj). 1:1,11)
2950 Go TO 203
2960 202 NEAD(1I'.3) II#NSCSJA(C1(I,Jh-Iw1.8)
2970 203 IDEV1=1
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Table BI (continued)
Listing of Man Progam. _FWEM

2981) IF(11-8)205,2 05, 2 042990 z04 READQi,4)(CclcI*J). 1:9.!!)
301U ?05 PRINT 26.(C1(IM),.I:1.I)
3010 206CONTINUE
3020 IF(MMDD.EO.2) GO TO 115nl
3030 GOT0160
3040 115UGONTINUE
30530 DJO 1190 M14.
3060 ITEM3=IDEVI
3070 IF(M-EQ.1.OR.M.E0.2)N.M
3080 IF(M.EO.3)Nxl
3090 IF(M-EQ.4)N=2
31-10 IF(MMDD.Eo#2IV1O TO 11803 1f15 C0****READ CONSTANTS FOR EQUATIO14S COMPUTING M(oISTURE MAX AND MIN******-3110 READ(ITEM3,3,I ,NSCS.J. (C5CI.M.NSCS).I:1,8)
31?0 IDEvlsi
3131) IF1II-8)J170#117

0,116O3140 1160 READC1,4)(C5c IMNSCS)&Iz9, II)
3150 117U PRINT 29#eC5(1#M#NSCS).IS1.II)
31601 1180 CONTINUE
3170 C2(H)zO.
3180 DO 1190 1=1011
3190 1190 C2(M):C2CM)4C5(I.HDNSCS).C1(IN)
3210 Go TO (194*160)JUL
32 o5Co***READ AND WRITE
3210 ?10 READ(l0l#5)(IHD(J)#J...i2O)
3220 1=1
3230 Go TO 217
324U00[J 220 Iz.
32snf READ(1#5)(IHDCJ),J..lZO)
32h? 217CONTINUE
32711 PRINT5,CIHD(J)#Jxl#2O)
32A0 wRITE(2.5) (IND(J),J:1,20)
3290 4RITE(3.5, (IHD(J),J=1,20)

33' 22 CONTINUE
3319 IF(MEAOUI.EQ.2) 00 TO 231
3321) W~RITE(2,35)
33.30 WRITE(3,35)
3340 wRITE(2,37)
3350) 4RITE(3,38)
3Jgj0 WR!TE(2,12)
3.37U WRITE(3,2)
33P' G~O TO 232
3390i 231 WRITEC2.36)
34OG WRITE(336)
3410 WRITE(2.33)
3420 WRITE(3,34)
3430 .RITE(2,12)
3440 WRITE(3.12)
345Q '432 GO T01603 45tC*9009READ SEASON CHANGE CRs....e****...*,**,**~*
3460 230 READ(101#6) ISlISD#ISMII.SY
3470 IF(JUB.EQ.1)GO TO 235
340U I8D=IDACK=ISD
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Table El (continued)

Listing of Main Program. FTWEHS

35,il AJBN$AIBD/7.
3510 IRMsMCK=ISM
35' s-EWYR=Ibsy=ISY
3510 235 CONTINUE
354~0 DID 215 Izl#2

356b IF(NEWGOF.LT.2.OR.NEwCOF.GT.2) Go TO 225
3571 SoF =I.

3 r :G TO 215
3,ji e25 SOV( I)NANJGCI,IIT,1)/CCMAXCI)-CXMIN(I))
36:U ADrci):1/SDF(I)
36,;J ?lb CONTINUE
363C 1=1
364U Jt0G=1

366~0 601016u
36b5C**e"*READ PRECIPITATION OR AIR TEmPERATURE OR SNOW CARO.*.......e...*
3670 240) READ(lLl,7.END=3 5) IDA.mO*NCODE
36R'3 NDAzIDA*6
36(A IF(NTEMP.EO.NTOS.AND.NSNOW.EO.NTOS) Go TO 2240
37.-1) IF(NTEMPEO.NTOS)GO TO 2249
37:U IF(NCODE-NTEMP) 2249t2245#2249
3/;,, 249 IFCNCODE-NSNOW) 2240#2244&2240
37Ajii 2244 READ(1 9 ). (SNO(140JJ)JJIDANDA)
37,,. Go TO .3.0
3/'U e245 READ(lO1,11',(TEMPER(MO.JJ),JJ10DA.NDA)
37to Go TO 3 0

3/11~ Irc IBM.EO.MO.ANDI.BY.EQ.IYR.AND. ISD.GT. IDA)IDACK=IDA
3!Q0' IF(IYR.LT.NEWYR) GO TO 498
386j.J IF(IYR.EG.NEWYR.ANID.MO.LT.4,CK)GO TO 498
38-1 IF(IYR.EO.NEWYR.AND.MO.EQ.MCK.AND.IDA.LT.IDACK)GO Tn 498
3 :1 F-CK=Mo
38 1 IDACK=IDA
384', CALL EoFTSTC1,Mm)
38t (r iFCMM.EO.2) GO To 241
38t0 IF( IYR.GT.NEWYR) NMAXD(1)=NMAXD(2)zO
38-0 IFCIYR.GT.NEwYR) IBD=IBM~l
388Vu 241 IFCIUNMEA.EO.2) GO TO 247
38c;0 Do 246 JJ=1.7
39fiU' RF(JJ)=RF(2,j)*0.3937
39 " 246 IF(RFCJi.GT.30.AND.RF(JJ).LT.3

5 . )RFUjj):77.77
39':) 247 IFCMO.EQ.2) GO TO 248
39:.'u IFCMO.EO.4.OR.MO.EQ.6.OR.MO.EO.9.OR.MO.EQ.i1) GO TO 249
39.30 ICOUNT=31
3940I Go TO 250
395P e4.3 iCOUNT=26J
3960 Go TO 250
3910 145 ICCuNT=3o
39t0U V50 COPTINUE
3990 NTOA:IDP

40f)0 Do 251 NJ=1.7
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Table El (continued)

Listing of Main Program. FEWENS

40 0 PRECIP(mO.NTVA)zRFCNJ)*2.54
4D0'O 45 tTDA:NTOA4l
402!,C .*CNPuTE SOIL M~TR~~o.ee..aeee..e..,...
40'U CALL LINK(5,OOCOMPM")
4040 CALL COMPMS

4060 ..)U IFCJAZ.EG.2) GO TO 301
4010 JEB:1
40803 501 GO TO (420.302)#JAZ
4090 SOU2CONTINuE
41. t' J:*-:1
4110 IF(MO.EONMAXO(l).oR.mO.EQ.l2) Go TO 303
44.eV Go TO 411)
41,,U )03 Go TO c304e304#3-5) JOB
414V J04 JFCNTEMP.EO.NTOS) Gi) TO 305
415U JOO=JOB+1
4160 Go TO 166
4lA5Cz**9eWRITE SOIL MOISTUREFIEe.oee.eee.eeeeeo..e
4179 595 CALL LINK(5.'OFILlD")
410 CALL FILIDA
41911 JF(MEAOU2.E0.l)CALL LINK(5,"OFLW)
4200 IF(M1kAou2.EQ.1)CALL FIL2DA
421UC*...OIWRITE FILES FOR INPUT To FREEZE-THAW MODEL*******************
42p'u !FCNTEMP.GT.NT05.OR.NTEMP.LT.NTOS)CALL LINKC5*"0FROnE")
4230 JF(NTEMPGT.t4TOS.ORNTEMP.LT.NTOS1CALL FRODEP
42411 J08=1
4245 IF(MEAOU2.EU.2) GO To 400
424/C**..*COMP0TE STRENGTH EOUATION CONSTANTS FROM SOIL PROPERTIES*e......
4250) !FCNSOST-EO.5.AND.IYR.EO.19Y) CALL LINK(5#"OSTFRS")
4260 Ir(NS0ST.EQ.5.AND.IYR.EO.!BY) CALL STFRSP
4265C-*4**C0mPUTE SOIL TE THO.3.Q*.*o.oe...e.a...
4270) IF(NSOST.EO.4.OR.NSOST.EO.5)CALL LINKC5*"OCALSS")
4280 IF(NSOST.EO.4.OR.NSOST.EG.5)CALL CALSST
4290 400 JELz1
430U JEBc2
4310 GoT0450
4320 410 JEB=3
4J30 420 READC1#10J ITYPE
4341) MOB:1
4350 CALL EOFTST(1,IEND)
4360 IF(IEND-2)460,440.46
4370 430 M09:2
4380 GOT047o
4390 460 IFC!TYPE-1)480.470,480
4400 470 G0 TO C302@495*490)#JEB
4410 480 IF(ITYPE.Eg.3) Go To 180
4420 IF(IIYPE-8)240.230#240
4430 490 JgL=2
4440 450 GO T0C420,495),MOB
4450 495 9O TO U1l5*5C0)*MOB
4460 498 PRINT,"PRECIPITATION FILE HAS D4TA OUT OF ORDER."
4470 PRINT,"CI4ECK DATA:", IDA.MO, IYR
4480 t~o0 STOP
4490 LNO
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Table BI (concluded)

Listing of Main Program. FTWEM(S

4492 SUBROUTINE WRIBUK
4 49 .3C ***9******
4495C**0*0WRITE FIRST WEEK OF OUTPUT DATA FILES WITH BEGINNJING DAY-*-**..
4496Co*.* OTHER THAN TH4E FIRST DAY OFWEKeae..eee.....
4550 61 FORMAT(lX,I2#lH-#12p4Xv7H #6F7*2)
4560 161 FORMAT(lX.I2.1H-,t2,4X,7H ,6F7,O)
4570 62 FORIATC1X#I2,1H-#12#4Xv2C7H )*5F7.2)
4580 162 F0RMAT(1X,12.lH-,I2,4Xv2(7H WV57.O)
4590 63 FORMAT~lx*12.1H-D12.4X#3(7H ),4F7,2)
46no 163 FORIATClX,I2.iH-#I2,4Xj3(7H )*4M7O)
4610 64 FORMATC1X#I2.1i4-.I2#4x.4C7H 30Z
4620) 164 FORMAT(lX.12.lH-.12.4X,4c7H ;,3F7.0)
463') 65 FORMAT(lX*I2#lH-#I2I4X#5(7H )*2F7*2)
4640 165 F0RMAT(1x,12,lH-,I2-4x#5(7H ),2F7.0)
4650 66 FORMATC1X*I2&1H-DI2#4X#6C7H )*F7.2)
466d) 166 FORmAT(1X.12.lH-.12,4X,6c7H )#F7.0)
4670 I=JNI
4681) IF(STDN.EO.1.) GO TO 8010
4690 IrcIND.EQ.61) WRITE(2,61)IDAB.IDAE, CSTORMC(IijJ).j.jxJNK.IDAE)
4/0O IFCIND.EO.6i) WRITEC3,61)IDABIDAE.(STORMD(I.JJ).JJ:JNK&DOAE)
4710 IF(IND*EQ.62) WRITE(?,62)IDAB.IDAE, STORNCli.jnjjzJNK. IDAE)
472U IF(IND.EO.62) WRITE(3.62)IDA8.IDAE,(STOR1O(I,ij).jj:JNK.IDAE)
4730 !FCINO.Eg.63) WRITE(2.63)IDABs IDAE. CSTORMCCIijJ),jjgzjNKIIDAE)
4740 IF( IND.EO.63) WRITEC3.63)IDABD IDAE. (STORMDC I Jj) .JJaJNK. IDAE)
415,0 IFC IND.EQ.64) WRITE(',64)IDAB,IDAE. CSTORMC(I,JJ),.,jsJNK. IDAE)
4760 IF(IND.EG.64) WRITEc3,64)IDAB.!DAi, CSTORMDCIDJJ).JJSJNK.IDAE)
4770 IF(IND.E0.65) WRITEC2.65)IDAB,IDAE. (STORMC(IDJJ)DJJxJNKIDAE)
4180 IVC IND.EQ.63, WRITEC3,65)IDABIDAE, (STORMDCIJj).jjxjNK.IDAE)
4790 IF(IND.EO.66) WRITEC2.66)IDABDIDAE, CSTORMCCIJj)Dj.JJNK:IDAE)
48q0 IF(IND.EO.66) WRIrE(S.66)IDA8,IDAE.(STOR1D(IJJ).JJzJNK ICAE)
4810 Go TO 80)11
4820 bS01u CONTINUE
4830 IFCINDEQ.61) WRITECNO,161)IDAB. IDAE,(S O(I.JJ).JJZJNKe IDAE)
4840 17(IND.Eg.62) WRITECNO#162)#IDA6, IDAE'(STO(IijJ).jj:JNKOIDAE),
4850 IF( IND.EG.63) WRITE(NC,163)IDAB. IDAE. CSTo(!.JJ),JJxjNK. IDAE)
4860 IF(IND.E0.64) WRITE(NO,164)IDAS. IDAE. (STOCI.JJ).JJnJNKIDAE)
4870 IFCIND.Eg.65) WRITE(NO,163)IrAe.IDAE. CSTOU.sJJ.JjaJNK.IDAE)
4880 IF(IND.EQ.66) WRITECNO,166)IDAD.IOAE. (STOCI.JJ),JJxjNK.IDAE)
4890) Boll RETURN
49 1jO END
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Table B2

Listing of Subroutine Compms

6000 SUBROUTINE COMPMS
601 0C0***#**.***9*eao.
60OC4***OCALCULAT IONCO Eeae....................
6030 U0 600 jxl.7
6050 1F(RFcj)-77.77)60j,6n2.603
6070 601 GO TO (604# 605) JOK
6081 Ir(1SH-MO,606,6U6#60?
6090 60 IF(ISU-IDA-J*1) t08.608*607
61u0 608 GO TO (640,605) JOK
61:0 oC4 JOi(:2
612U0 05 lSz!Sl
6130 00o 609 Izl# 2

614"1 LIT=IT(I)
6150 IFCN~wcoF.LT.2.OR.NEwCOF.GT.2) GO TO 610
516'] ImINCI )=CMAXCI )-XRANGCI, IS)
6170 Go TO 6j9
618k, 510 CHINCI ):CMAXCI )-RANG( 1.1IT: 1S)*ADV i)
619b 609 CONTINUE
6200 JuGzl
6210 o07 JEM~l
62.0 LV0 611 1j2
6230 DWMCC Ie~)
6240 GO TO (612#613#614#615)#JEN
6250 t12 IF(RF(J)-RMIN)616#617s618
62o0 616 JEm:2
6270 G0613
6280 6P17 ACCRxO.
6290 Go 10 f19
63u0 618CONTINUE

6340 X(l)xCMAX(1)..PMCCI)
6350 xc2)xCHAXc2)-PpqC(2)
6369 I1RFCJ)-XC1)-X(2))62l#620#62 O
63711 620 1132
6380 jEM=3
6390 GOT0614
6400 621 111
64iU JEM=4
6420 615 X(1)xRFCj)
6430Cooo**ACCRETION(CLASS 1 AND CLASS 2).....
6451" 614 ACCR8C3c11.1)oxcI ).C4C11,I)
6460 IF(ACCR)622,62?,623
6470 622 IF(PMC(I)-CMAXCI))624#625,625
6480 624 IFcII.Eo.j)GO TO 626
6490 PMC(1)zPMC(I).ACCR2
650U Go TO 627
65i0 626 PmCUI)PMCU.)ACCRI
6520 G0T0627
653C 624 tr(II.EO.1.AND.ACCR.LT.C1COF.AND.I.Eo.1) GO TO 628
6540 Go TO 629
6550 628 C1RoFcRFCJ)-RMIN
6560 1F(CCROF-LY.CICOF.ANO.I.EO.I) 0O TO 630
6570 Go TO 629
6580C*90*0ACCRErIo.''(NE TO ONE RELATION).....*
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Table B2 (continued)

Listing of Subroutine COMPMS

6600 630 ACCR:RFcJ)-RMIN
6610 629 lF(II.EO.i) GO To 619
662CCO...eAccRET ION(CONSTANT).....
6640 !F(ACCR.GE.ACCR2)GO TO 619

66601 Go TO 627
66711C NEW MOISTURE CONTEnT
6690 619 PMCCI)=PMC(I).ACCR
601 627 IF(P8C(I)-CMAX(1I)) 611,611,625
610O 625 PMCCI)=CMAXCU)
672j) 531 IF(MEAOU2.EO.2) GO TO 611
6730C*0***CONVERT MOISTURE CONTENT TO X DRY WEIGHT***s***................
6750 0WMCC I ,J)=PmC( I /(6..ODc I) 0*100.
6760 Go TO 611
6*8C-#*DPEION CALCULAT IONO.**aoee**eeeeeaee...e.....e...e.........
6800 613 IF(PMC(I)-CMINCI)) 631,632,632
6810 632 IF(NEWCOF.NE.2) GO TO 633
6820 DEP=0.0
683) Do 634 L=1.6
684v 634 DEP:DEP.CONEWCIS.IeL).(PMCCI)-CMIN(I))..L
6850 IFCDEP) 631,631,635

6870C IJKL zI *MAXIe(j-l1.MAXIMAXJO(K-1)MAXIMAXJ*IAXK.(L-1)
6680C
6891) 633 IJKLzl*6.CI-1).12J(ITtI )-1)*36.(IS-1)
6ViU0 DEP2O.O
69!0 Do 636 L21.6
69?OC*eO.OTENTATIvE AVERAGE DEPLETION-**o
6940 DEP:DEP.COEFCIJKL).CSDF(I).%PMCCI)-CMIN(1)))..L
6950 IjKLxIJKL-1
6960 636CONTINUE
6970C*****TRANSFORMED DEPLETION-*-.
6990 IEP3OEP/SOF CI)
7000 IF(OEP) 631,631,635
7010Cv**94NEW MOISTURE CNE~e..e.o~........e.....
7030 635 PtC(I)=PMC(I)-DEP
7040 IF(PMC1I)-CMIN(1fl637*63j.63l
7050 b37pMC(I):CMINCI)
7060 G0T0631
7070 611 CONTINUE
7080 60 ITEMPzIDA+J-1
7090 IFCRF(j),LE.RMIN)GO TO 638
7100 STORMCCMO.ITEMP)t0.0
711U IF(RF(j),LT.25.0) GO To 638
7120 STORMDCMO,ITEMP)zO.0
7130 GO TO 639
7140 638 STORMCCMO.ITEMP)=PMCC1)
7150 STOR*IDCMO,ITEMP)=PMCc2)
7160 639 IFCITEMP-ICOUNT) 600,640,640
7170 640 JAZ=2
7180 GO TO 645
7190 600 CONTINUE
7200 JAZzl
72i0 GO TO 6452of3set
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rUble B2 (concluded)

Listing of Subroutine COMQHS
70 603 IT[MF=IDA4J-l

7230 NmAxD:am,1

7240 NMAXD(2)&IiE.p-1
7250 JAZm2
7260 645 RsrURN
7270 END
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Table 33

Listinz of Subroutine FILlDA

W0'0 SUBROUTINE r!LIDA
801 2Q***900q*
8O15c,****wRiTE SOIL MOISTURE VL~e.eOeeeee~~o~Oo~ee

3020 4t7 FORMAT(2ox.23HIDENTIFICATION NUMBER: #4A3)
8030 29 FORI4ATC3A3)
8040 so FORiiAT'.4u14./
8050 31. FORIATC2x.3HDAY.24Xe3A3,Al,X.2H19.12)
8060 32 F0RMATclX,I2v!H-#I2#4X,7F7.2)
8070 .53 FORMATC24X.15HC - 15 CM LAYER*/)
8080 454 FORMATC23x,l6H15 -30 CH LAYER#/)
8090 .55 FORI4A7C20x#22HSOIL MOISTURE IN/ 6 IN)
8100 36 FORMATC20x,224S01L !OISTURE CM/15 CM)
5110 37 FORMAT24x.14140 - 6 IN LAYER./)
8120 68 FORpqAT(24X.l5H6 - 12 IN LAYER,/)
8125CotOOTEST OUTPUT CHECKS AND OPEN IE.*......**.....
8130 IFCNEWFIL.EQ.1) Go To 650
8140 IF(IYRGT.NEwYR) GO TO 651
8150 Go TO 652
816U 5~51 CALL OPENF(2.DMCLAI)
8170 CALL SETSCTt2.SECTI)
81;SCa*0*0WRI TE HAIGOCeeeee.oeeee.~~.oeea..ee
8180 650 WRITEC2.27)ISINUM
8190 1F(MEAOUl.EQ.l)WRITE(2#35)
8200 IFCmEAOU1.Eo.1i WRITE(2.37)
8210 Ir(MEAOU1.EO.2) WRITE(2.36)
8220 IF CMEAOUl.EO.2) wRITE(2*33)
8230 WRITEC2,3J)
8240 Ir(NEWFIL.EQ.l) Go TO 653
8250 CALL OPENFC3.DP4CLA2)
8260 CALL SETSCT(3#SECT2)
8270 653 WRITEC3-27)ISINUM
8260 IFCMEAOUl.EO.1) WRITEC3.35)
8290 IFCmEAOUl.EO.l) WRITEC3.38)
8300 IFCMEA3Ul.EO.2) WRITE(3#36)
8310 IF(MES.0Ul.Eo,2) WRITEC3,34)
83?'i WRITEC3.3u)
8330 NEWYR=IYR
8340 652 K=IBM
8350 LK:MO
8360 Do 654 1zK.LK
8370 Jq:1
8380 IFCISD.GT.1.AND.I.EQ.1914.AND.IYR.EQolBY)J6.IUD
8390 IDABal
8400 IDAEs7
841C IFCI*EQ.NMAXDUl)) JENDONMAXDC2)
8420 IF(IiEO.NMAXD(l)) GO TO 655
8430 JENDSMAXDCI)
8440 655 WI~cEAOUI.EQ.11 GO TO 656
645G D0 657 jzjB.JEND
8460 STORMC(I.j)zSTORmC(Ij)92.54
8470 657 STORMDCI,J)=STORMDCI.J)*2.54
8460 656 WRITEC2,31) cIPIOA(II.I)v 1141#4)t JYR
8490 WRITE(3,31) cIMOACII,I)- II:1,4).IYR
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Table B3 (continued)

Listinit of Subroutine FILIDA

850U J8NuAJBN
8510 Do 658 NWx1#5
8520 IF(IYR.GT.18Y) GO TO 659
8530 INKzO
8540 1F(AJBN.GE-rNW.AND.I.E0.IDN)GO TO 660
655P' IVCJ@.E09i.OR.JBN.LT.(NW-1)) GO TO 659
8555C*****WRITE OUTPUT WHEN BEGINNING WEEK IS ONLY PARTIALLY FILLED4**01*
8560 Do~ 661 NK=IDA8uIDAE
8570 INKsINI(.1
8580 1F(STOAMC0#NK).EO.0.0)GO TO 661
8590 INDt6G*INK-1
8660 JNKsNK
861V JNJI
8620 CALL WRIUWK
8630 Go To 660
8640 661 CONTINUE
8650 Go TO 660
8660 659 IF(I#EO.2.AND.NW.EO.4)NW:NW~l
8670 1F(NW.EO.5)IOAE:MAXD(I)
8680 J;.ZJEND/7
8690 IF(I.EO.NmAxDUi).AND.JN.E.NI)IDAExJENO
#695C..9..WRITE DATA ON FL~Ooes.eoeoeeeeooe~oseoe
8790U IRITE(2.32) IOAB.IOAE&(STCRMCCZ.JJ). JJzIDA8.IDAE)
8710 WRITE(3.32) IDAB.IDAE#(STORND(IsJJ): JJ2IDAB*IDAE)
8720 Ir(I.EO.NNAxD(i,.AND.JN.EO.NW)QC TO 662
8730 660 IDA89IDAB*7
8/40 658 IDAExIDAE*7
8750 662 IF(I.EO.6.OR.I.EO.12) WRITE(2.29) ISLEW
876"f Ir(I.EO.6.OR.I.EO.12) WRITE(3.29) ISLEW
8770 !r(I-LT.6.OR. '.GT.6) GO TO 663
878U kRITEC2,27),ISINUI
8790 IV(MEAOU1.EO.l)IdRITEC2#35)
88t.0 1F(mEAOU1.EO.1)IdRITEc2#37)
86iU IFCIIEAOUI.EO.2) wRITEC2.36)
8820 iF(HEAO01.EO.2) WRITE(2e33)
8630 WRITE(2.3u)
884U wRITEc3.27) ISINUH
8850 Ir(MEAOUl.EQ.1)WRITE(3.S5)
8860 IF(MEAOUI.Eg.l) WRITE(3.38)
887U IVcmEAOu1.Ea.2) WRITE(3.36)
8880 IF(14&AOUl.EO.2) WRITE(3.34)
OBOE' ORITE(3.3C)
8900 663 IF(MEAOu2.EO.2) GO TO 654
8910 1FCmEAOui.EO.2) GO TO 664
8920 'JO 665 jsjB.JEND
89.10 STORPMC(!.JJ:STORNCCI.J)e1OO./C80C1)O6.)
8940 665 STORHD(IJ)zSTORMD(I.J)OlflO./(BD(2)06.)
895v Go TO 654
896G 664 CONTINUE
8970' Do 666 jxjB.JEND
8980 STORMC( I aj3STORMCC I J)eiOO./cB0cl)*15.24)
8990 t66 STORM3( I.J):STORMD( I J)*100./(BD(2)*15.24)
90(13 654 CONTINUE
90:0 CALL SAVSCT(2,SEC11)
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Table B3 (concluded)

Listing of Subroutine FILIDA

9020O IV(IYRE0.IBY.OP.NEWFIL.EO.l)G0 TO 667
9030 CALL CLOSEFCP)
9040 GO TO 668
9050 667 CALL CLOSEFC2,DMCLAI)
S 060 668 CALL SAVSCT(5.SECT2)
9070 1F(IYR.EO.I8Y.OR.NEwFIL.EO.l)GO To 669
9080 CALL CLOSEFC3)
9090 Grn TO 61-0
9140" 669 CALL CLOSEF(3.DMCLA2)
911t* 070 NYISEQ=NYlSEO.1
91l5C&*..NEED FOR NEW CONTINUATION OUTPUTFIE.....ee...ee.
9120 IF(MODCNYISEO.18).EO.0) ISEQ:!SEO.1
9130 IFCMOD(NYlSEO,18) .EGO)NICLA1(2)=NUMD'ISEO/100256.MnDC ISEO.1O)
9140 N4CLA2c2)=NMCLA.'2)
915U NEwrIL =U
9160 IFCMOD(NYlSEO,18).EQO0)NEWFIL=1
9170 RETURN
91SO0 END
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Table B4

Listiag of Su.broutine FIL2DA

10!OJ SUBROUTIUE FIL20A

l0015C**o4*WRI TE PERCENT MOISTURE FE............~.....
O!1)6C***9*FoRmAT STATEMENTSe#o****eeeeeoee4eeeoe*otee..eeeoe....e.....

1Oo?0 27 FoRmAT(20X*23MIDENTIFICATION NUMBER: .4A3)
1C03 28 FoRmAT(1X.24HPERCEJT MOISTUJRE CONTENT;
10c4d 29 FOR,4AT13A3)
101t)L 30 FORmAT(41H i )
101)6 c 3i FORmATC2X,3HOAY.24X.3A39 AlX.2H19.I2)
10o'71. 32 FORmAT(lX.IP.1H-.I2,4X&7F7.2)
l~flbu 33 FORmATC24X.15H0 - 15 CH LAYER.U/)
10 09 u 34 FORMATC23X,16Hi5 -3o CH LAYER./)
1010. 37 FORMAT(24X.14H40 - 6 IN LAYER./)
10ilt- 38 FORMATC24X,15H6 - 12 IN LAYER,/)
10215C****&TEST OUTPUT CHECKS AND OPEN FILES..................O........*
10120 Ir(IyR.EO.IY.OR.NEWFIL.EQ.1)GO TO 700
l0iJU CALL opENF(2.DPMLAI)
10;4U CALL SE T SCTB2.SECTJ)

1015U 700 WRtITE2.27).ISINU4
*:016u VR'ITE(2#28)
101/0 IFCMEAOVl.6O.1) WRITEC2,37)
10180 IFCMEAOU1.EO.2) WRITE(2*33)
1019o wRITE(2#30)
1O0., IV(IYR.Eo.IBY.OR.NEwFIL.E0.1, GO TO 701
10211 CALL 0PENF(3.iVPMLA2)
10;AXU CALL SETSCTJ,-SECT4)
10230 701 WR17E(3,27),ISINU4
J0W40 WRITE3,#28)
1Otoe !VMEAOUI.Eo.1) WRITEC3,38)
10260 IFCNEAOU1.EQ.2) wRITEC3.34)
10270 wRITEc3.3Uo
1026a) D0 702 I=K,LK
10290 j9=1
10300 IF(IBD.GT.1.AND.I .EO.IBM.AND.IYR.EO.IBY)JBzIBD
10310 IOAB:1
10.52u IDAE=7

10340 wRI1EC3-31) C IMOACI!.I), xj4 IYR
10oi5U Do 7L3 hwzl.5
10.56u IF(IYR.GT.IBY)GO To 704

10j80 !VCAJBN.GE.NW.AND.I.EO.16M) GO To 705
10.59", IFCJB.EO.1.O;Z.J8N.LT.CNW-1))GO To 704
l0Z95C*#**&WRITE OUTPUT WHEN BEGINNING WEEK IS ONLY PARTIALLY FILLED*****
10400i 0O 796 NK=IDAB-IDAE
10411) INK31NK.1
104L2u IFCSiORMC(I,NK).E0.-..O)Go To 706
10430 IND360.INK-1
10441 J4K=NK
104') JNizi
18460t CALL WRIONK
104 7 t, GO TO 7G5
10486j 7G6 CONTIN~UE
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Table B4 (concluded)

Li2sting of Subroutine FILMD

1049,' GO To 705
1O.'h 704 IF(I.EO.2.AND.NW.EO.4) NWsNW.1
i0,;1 I IVNw.EQ.5) IDAEaMAxD(I)
1O',21i jN=JEND/7
105S3i IFCL.EONMAXDU,).AND.JN.EQ.NW)IDAE:JEND
l05S5C.4*WRITE DATA ON LEOo.o.oeoe.e...e.*.....
1Ub4j wRITE(2#32) IDA8,IDAEtCSTORMC(.JJ), JJ:IDAB#IDAE)
1055-, wR IT E(3#32) I DAB, IDAE. STOR4D I J~J) P JJ I DAB# IDAE)
1056t) IFdI.EONMAXDC1).AND.JN.EQ.NW)GO TO 707
105/o. 705 IOAB=IDAB+7
10Ot8i' 70'3 IOAE=IOAE*7
101-14u 707 IF(I.Ea.6.OR.1-.,2) WRITE(2#29) ISLEW
10OL jF (I .EO..6.OR.I .EO.1?)WRITE(3,29) ISLEW
1061.; IF(I.LT.6.OR.I.GT.6) Go TO 702
10620 WRITE(2p2 7)pISINUM
iO0.5u wRITE(2#28)
106 4 u IFCMEAOUl.EO.1)WRITEc2,37)
johtp.. IF(MEAOUj-E.O2)WRITE(2p33)
10669j WRITE(2#30)
lOA/u wRITE(,27 ISItJUM
1068v wRIIECJ,28)
1069C IF(MEAOU1.EO.1)WRITE(3,38)
10700 IF(MEAOU1.EO.2)WRITEC3.34)
1071 wRITE(3e3L)
10;21- 702 CONTINUE
10'I.' CALL SAVSCTC2pSECT3)
1074.- IFCIYR.Eo.IBY.OR.NEwFtL.EQ.1) Go TO 708
1015ij CALL CLOSEF(2)
1076, GO To M0
107 1 t, 708 CALL CLOSEF(2.DPMLA1I
101du 709 CALL SAVSCT(3#SECT4)
1u?9.. iF(IYR.Eo. M'Y.OR.NEWFIL.EQ.1)G0 TO 710
10po0o CALL CLOSEF(3)
101k GO TO 711
l0b2. 710 CALL CLOSEFC3.DPMLA2)
10625C***9*TEST NEErD FOR NEW CONTINUATION FL.e.....e...e..
1O&SU 711 NPMLAIC2)=NP4CLA1(2)
10041 NPMLA2C2):N14CLA1(2)

10ow' IF(MOD0Y1SEQ-18).Eo.0) NEWFILzl
10810' RETURN
1ORU- END
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Table B5

Listing of Subruutine FRODEP

12000 SUBROUTINE FRODEP
120 ViC***0000 000 e 0.

121?02C*0*&#WRITE AIR TEMPERATURE AND SNOW IE......0o.....o
12v03C.. ...FORMAT STATEMENTSOOooooooo.oooo**eeoo*oo..ooo**ooOoo#o*o*o*oo
12:1111 21 FORMATC18X#24I4IDENTIFICATION NUMBER: o4A3)
12o2 i 29 oRmAT(3A3)
12t.3.i 31 VORmAfl28Xp3A3pA1,Xp2H19. 12)
12p4.) 32 FORMAT(2A3)
12-1!4 33 FORmAT(6x#25HDENSITY: 0-15 CM LAYER# #F5.2.23HG,/C'; 15-30
1206,'i CM LAYER, *F5.2.4HG/CM)
12.0/., 34 FORMAT(JIX,49HFROZEN DEPTH OF SOIL(CRREL-1968) DATA INPUT
12O8ud FILE#/)
12090 35 FORMAT(1H )
1210t, 36 FORmAT(26X#19HMEASURED SNOW DEPTH#//)
12110 37 PORMATC11X.4HSNOW.3X,7I4PRECIP-,3X.3HAlR,6XI3HSnIL MOISTURE#6Xp
12I2U&JSHSOIL MOISTURE)
121Ju 38 FORMAT(6X. I2,3C2x.F6.2)uSXV7.2.11X.F7.2)
12149j 39 F ORMAT(6X, 3HDAY.2XSHDEPTH.2X,7HITATiON,3X.4HTEMP.4X,15H0-15
12150& CM LAYER-X,3Xol7H 15-.J0 CM LAYER*%)
12169 IF(IYR.G7.IBY) GO TO 850
J2j65(;.....ADDjTIONAL INPUT CNRL0000000000.00000000

1214. pRINT,wENTER NAMES OF SNOW*FROZEN SOIL DEPTH MODEL INPUT FILE"
1218u. PRINT," EXAMPLE: FROO0i"
12 19 ki READ 32#NFRDEP
121V5C..eo0*EST OUTPUT CHECK AND OPEN FLS~*o.oo.**'~.oo*
12200 850 IFCIYR.Eo.IBY.OR.NEWFIL.EQ.1) GO TO 851
12e1,j CALL opENF(4.DFRDEP)
12221 CALL SETSCT(4sSECT9)
1j31S 851 CONTINUE
12265C*0*4*WR ITE HA NSoooo.o.eooe.o...oo~o~o.o
12243 DO 052 I=KPLK
1225u wRITE(4,27.jISINUM
1226o; wRITEC4*34)
122111 IFCKINDC1).EO.0) GO TO 853
12281. wRI1E(4a36)
1229, 853 WRITEC4#31) (IMOA(II.I).II=1.4)#IYR
12s0.- wRITE4#33).BD1 ,BDt2)
1211t, WRITE(4#35)
12.Qu ,RITE(4#37,
12.5.u wRITE(4#39)
12S340 jB:IBD
12,511 jEND:MAXDCI)
12360 IFCI.EO.NMAXD(1lJEND:NMAXD(2)
12j65C*G*4WRITE DATA ON IEeooe.oooo.o.~~oooooo~o
12370 DO 654 J=JBJFJJD
12306. 854 WR!TEC4,38)J.SNO( I J),PRECIP( IJ).1EMPERCI .J).STORMC(I,j),
12-39flIsToRmD( I.j)
1240.J 852iWRITE(4.31) ISLEW
1241a2 CALL SAVSCT(4#SECT))
12420 IF(IYR.EO.19Y.OR.NEwFIL.Eo.iu Go TO 855
12430 CALL CLOSEF(4)
12440 GO TO 856
124t)C 855 CALL CLOSEF(4,DFRDEP)
12460 8>6 NY2SE~GNY2SEQ~l
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Table B5 (concluded)

Listing of Subroutine FRODEP

1.24/0, IF(MOD(NY2SEO,3).EO-.O) ISEOaISEQ+I
124$0 IFCMOD(NY2SEG,3).EQO)NIFRDEp(2):NUMB*ISEG/10256-?4aD( ISEg,10)
l2405C*#*99TEST NEED FOR NEW CONTINUATION LE............
12490 NEwFIL=0
12lou IFCNODCNY2SEQ-3).EQO NEwFIL81
12510 RETURN
1252(1 END
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Table B6

Liating of Subroutine STFRSP

15000 SUBROUTINE STFPSP

15015C*00**COMPUTE STERNGT4 EQUATION CONSTANTS FROM SOIL PROPERTIES#C....ee4
.150J29 34 FORMATC5X.21HINCORRECT Cj MOD CODE)
15odJU CONIC1.l)aALOG(200.)
1504o CONl(192 )=ALOG(100.)
150;u CON1lC2.l,:ALOGc30.)
15o6u CONic2.2)zALOG(2OO.)
15S7U CALL SAVSCT(1,SECTIC)
150dti CALL CLOSEF(1)
l5u85C**9**SEARCH FOR STRENGTH EQUATION CONSTANTS.......e*ee.....e..e...**
15U9o CALL OPENFCI#"DFSTEQ")
15100i Do 800 IIz1.NCI
151i,, READ (I#) C IMOD(l~l)#1z1.12)
1512(1 Do 800 J*19 2
161Jc READ (1.) (8(Iv,),I:1s12)
15140 800 CONTINUE

1512!50 12z7-11NRCI

151/) READ (It) (ItOD(1,2hIal,12)
15160 Do 801 J:1D2
15190 READ (lo) (BCI.J#2)#Ill12)
15200 801 CONTINUE
15214 CALL CLOSEF(1)
1522(1 CALL OPENF(1,SAM)
15240 CALL SETSCTC1.SECT10)
15:32C*..N INDICATES LAYER#L1 IS CONE INDEXPL2 IS RATING CONE***********
15240 DO 802 N=1,2
15250 D0803L=1,2

15280 D08031=2.12
15290 JTEMPsIMOD(I-1,L)
15300 TEMPzCI(!,N)
15310 IF(JTEMP)804,8O3#805
15320 805CONTINUE
15330) IF(JTEMP-1)$04#8O6s8O7
15340 807CONIINUE
1t35u IF(JTEiP-2)804.808p809
15 36 u 8O8CONTINUE
l5.65C9O*#COMPUTE LN OF AIA L~~..~..e...e.oee.....
153/0 TEMP:ALOG(TEMP)
15381, GOT0806
15390 809 IFCJTEMP-3)804#810*804
l5395C***0.COMPUTE LNLN OF AIBE..oee.ee.eeos...e.
15400 810 TEMP=ALOG(ALOGCTEMP))
15410' GOT0806
1542t, 804 PRINT 34
15431j 806 D(L):D(L).(B( I.1.L)-9(12*L) )eTEMP
15440 E(L)=E(L*+BUD1L)*TEMP
1545V 803CONTINUE
15460 NNxN
15465C*****COMPUTE A AND B OF STRENGTHEUAIN...e..e......
154/1) DOeJ2L=1.2
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Table B6 (concluded)

Listing of Subroutine STFRSP

154bO A8AR(L,N)nCON iLJt.+(CONl(2,L)-CONiL1,L) ).E(L)/D(L)
ID490 8BARCL,N):CCONiC1 ,L,-CONIC2,L) )/DCL)
15,0o pRINT."LAYER =1,
15501 IF(L.Eo,2)GO TO 8?U
155U2 PRINT," COt-1E INDEX EQ. As ".,A~tRCL,N)
155)4 PRINT," Bx 1,BhR(L.N)
1550J5 GO To 830
155U6 820 PRINT." RATING CONE EQ. Ac "1,ABAR(L,N)
15508 PRINT," 8: "POSAR(L.N)
15510 86J STCON ClNNV=ABAR(L.N)
1552o sTCONC2eNN)=BBAR(L,N)

1554b 802 CONTINUE
1~55- RETURN
1556U END
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Table B7

Listing of Subroutine CALSST

14000 SUBROUTINE CALcST

l1"15C*****COMPUTE CONE I.ADEX AND RATING CONE INfEX*9**..................
15.' 16C**.O.FORMAT STATEMENTS*.400.*..o****Ooo*.O..*..*ooe*.*o.oe.t*
1,3v'- 27 FORMATC2OX.23HIDENTIFICATION NUMBER: #0A3)
13u3',i 29 FORmAT(3A3)
14,14i 30 FORmAT(4(lH m11

I5L, 31 FORmATC2X,3HDAY,?4X 3A3#AI#X,2H19*12)
1306-, 32 FOI*MATC1X, I2,H-, I2,4X,7F7.0)
1.31/t 33A FORmAT(24x,15H0 - 15 CM LAYER./)
131,8., 34 FORMATC23x.16H!5 -30 CM LAYER#/)
l,5:19-; 37 FOR.IAT(24X.14H0 - 6 IN LAYER,/)
1310,' 38 FORMATC24X#15H6 - 12 IN LAYER#,)
1S11, 39 FORMATC26X,1lHCONE INDEX)
141P, 4o FORmAT(23X#17HRATING CONE INDEX)
13l3 'u 41 F oRmAT (2A3,lX,2A3.1X.2A3, 1X.2A3)
114-. IFCIYR.GT.IBY)GO TO 750
l3]45C*****ADDITIONAL CONTROL INPUT To DETERMINE SOIL STRENGTH REQUEST*.
iJ:50~ PRINT,'"DO YOU WANT CONE INDEX FOP FIRST SOIL LAYER? SECOND LAYMR"
131611 VRINT."RCI FOP FIRST LAYER? SECOND LAYER? SEPARATE ANSWEPS"
1i/ PRINT&"WITH COMMAS. EXAMPLE:FOR RCI ONLY FOR BOTH iAYERS12#2,1,1"
1.Si8, READ,(NSTEOCI)#I:1,4)
1319. pRINT,"ENTER NAMES OF SOIL STRENGTH FILES TO BE USFD.ENTER"
li2Uv. PRINT," NODATA IF A FILE IS NOT 7O BE USED."
iSe1,, pRINTD"EXAMPLE:FOR RCI FOR BOTH LAYERS;NODATA ,NODATA,XX1001,XX200I4"
14;;2 READ 41t NCILA1,NCILA2,NRCLAl.NRCLA2
13,3 9 750 CONTIN~UE
13.-35C#-*.TEST OUTPUT CHECKS AND OPEN FL S........~.....
13 4, DO /73 1=1.4
l3p5,. IF(NSTEQ(I).EO.2) Go To 773
14..0V IF(IYR.Eo.IBY.OR.NEwFIL.EQ.1) Go TO 752
1-'21, IF(I.EO.1)CALL OPENFC2#DCILAl)
1,13', IF(I.EO.1) CALL SETSCTc2.sECT5)
1.3;91, IF(I.EQ.2)CALL OPENF(3#DCILA2)
14301, IF(I.EO.2) CALL SETSCTC3.SECT6)
1.5.1' IFCI.EO.3) CALL OPENF(2#ORCLAI)
13.A2, IFCI.EO.3) CALL SETS(2#SECT7)
1313,1 IF(I.L:O,4) CALL OPENF(3.DRCLA2)
l15.14u IFCI.EO,4) CALL SETSCTC3,SECTS)
14,01; 752 XLIMl:STRLI(1,I)
13 36o XLIM2=STRLIU2.I)
13.3/. 0O /53 J=K.LK
1338V j8=1
13359 k IFCJ.EO,IBM.AND.IYR.EO.IBY)JB:IBD
1340L. IF(J.EO.NMAXD(l)) JEND=NMAXD(2)
13411) IF(J.EO.NMAxD(1)) Go To 754
1S421. jEND=MAXD(J)
1343o 754 CONTINUE
1314t, 00 753 L=JB.JEND
1345., IF(I.Eo.2.OR.I.EO.4)G0 To 755
1346,. IF(STORtIC(J.L) .EO.('. )STOCJ.L)IO,
13411, IF(STORMC(J,L).EO.O.) GO To 753
1.348tJ STO(JL)=EXP(STCONtl.I)*STCON(2,1)*ALOG(STORMC(JL)))
13491, IF (STO(J,L) .GT.XLIM1 )STO(JL)XLIMI
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Table B7 (continued)

Listing of Subroutine CALSST

IS'On IF(STOU'#L) .LT.XLIM2)STO(J.L)zXLIm2
135,1" GO To 753
0352, 755 IF(STORID(JL) .EO.O. )STO(J,L)=O.
1o5 s'j iF(STnRMD(JvL).E0O.JGO TO 753
1354, STO(JL):EXPCSTCONC11)+STCONC2.I)*ALOG(STORMD(JeL)))
13550 IFCSTO(J,L) ,GT.XLIM1J)STO(J.L)UXLIMI
13' 69 IFCSTOCJ,L).LT.XLIt2)STO(J.L):XLIM2
135lu 753 CONTINUE
13580 IF(MODI.,2).EO.O) NO=3
165941 IFCMODCI,2L.EO.O)GO To 756
1360"1 NO=2
136ObCo i.O.WRI TE
1361gj 756 WRITE(NO,27) ISINUtI
13626, IF(I.EO.3.OR.!.EO.4) GO TO 757
1363U wRITE(NO,39)
1364nl IF(1.EO.1)GO TO 758
1S65t IF(hI:AOUl,EO.1)WR1TECNO#36)
1366(i IF CMEAOUl.EO.? )WRITE(N0#34)
l36/U GO To 759
1368U 757 WP.11E(NO.40)

*146 9U IFCI.EO.3)GO TO 758
1370u IFCMEAOU1.EQ.1)WRITE(NO,38)

*1.3711 IF(MEAOUl.EQ.2)WRITE(NO.34)
13721) GO To 759
1673V 758 IF(HEAOUI.EO.1) WRITE(No,37)
13741, IF0(4EAOUl .EO.2)WRITE (NO#33)
13/5'u 759 WRITECNO.30)
13S76. DO 76 LOUT=K.LK
1374 jB:1
13;8u IF( ID.GT.l.AND.LOUT.EQ.1BMi.AND. IYR.EO. IBY)JB:IBD
1579 o IDAIb:1
1381N, IDAE=7
13811 wRITE(NO,31)(IMoAC 1' LOUT) .11:1,4), IYR
13p2, 00 7ol Nw:1,5
138I. IF(IYR.GT.IBY)GO TO 762
i3841- INKz:-
148)., !F(AJBN,GE.NW.AND.LOUT.EO.19H)GO TO 763
1386(1 IF(JB.EQ.1.OR.JBN.LT.CNW-1))GO To 762
13865C.0*-WRITE OUTPUT WHEN BEGINNING WEEK IS ONLY PARTIALLY FILLED***'!z-
1387to DO 764 NK=IDA6.IDAE
1688t, INK:INK.1
13P9. IFCSTOCLOUT.NK).EO.C.O)GO TO 764
1398.' !N0%60.INK-1
139111 jNK:NK
13929, JN1:LOUT

13594. CALL WRIBWK
1695, SToN=0.
13966, GO To 763
1391-1 76-' CONTINUE
13M,~ Go To 763
1699u 762 !F (LOUT.EO.2.AND.NW.EQ.4)NWNW1I
i4ijou IF(Nw.EQ.5) IDAEaMAXDCLOUT)
1401. jN:=jEND/7
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Table B7 (continued)
Listing of Subroutine CALSST

1402u IF(LOUT.EO.NMAXOCI ).AND.,JN.EO.NW)IDAE=JEND
J4A?5C.**#*WRI Tf DATA ON IEe~e..~.#5*oO.4****O
14 03,j wRITE(NC..32) lOAB. IDAE. (STO(LOUTJJ)DJJ=IDAB. IDAE)
140'4o IF(LOUT.EQNMAXD( ) .AND.JN.EO.N4W)GO TO 765
1405u1 763 YDAB=IDAB+7
14(16,1 761 IDAE-IOAE*7
14n/i 765 IFcLOUT.EO.6.OR.LOUT.EO.12) wRITE(NO.29) ISLEW
141)0 IF(LOUT-LT.6.OR.LOUT.GT.6) Go To 760
141)90 IFcl.EO.3.OR.I.EO.4) GO TO 766
14U95C*eee.WRI TE MID-YEAR HAIGee.eea~ee.o~~esoee*
1410, wRITECNO.27) ISINUM
1411b wRITE(N0D39)
14120 IFdI .EQ.1.AND.MEAOUi.EO.i)WRITE(NO.37 )
i41io JF(J .EQ.1.ANO.MEAOUI.Eo.2)WRITECNOD33 )
1~44 IF I .EO.2.ANDMEAOU1 .EG.1)WRITE(N0D38)
1415(1 IF(I .EO,2.AND.I4EAOU1.EO.2)WRITECNOD3 4,
1416v GL, TO 767
141 /v 766 WRITECNO#27)ISINUM
1418"1 WRITE(NO,40)
14190 IFcl .EO,3.AND.MEAOU1.ELU.I)WRITE(NOe3 7 )
14200 IFcI .EO.,3.AND.mEAOUZ..EO.2)WRITE(NOe33 )
14211! IF I .EQ,4.AND.MEAOUI .EO,1)WRITECNO,38)
14226 IF(I .EO,4.AND.MEAOUI.EQ.2)WRITE(NOe34)
1423u 767 WRITE(NOt3J)
14240 76o CONTINUE
1425iu IFCNEWFIL.EO.l) GO TO 768
14260 IFtIYR.GT.IDY)GO To 769
142/e. 768 IFUI-2) 770.7'1.772
1428it 77U CALL SAVSCT(2,SECT5)
1429, CALL CLOsEF(2,DCILA1)
14301) GO TO 773
14310 771 CALL SAVSCTC3,SECT6)
14320. CALL CLOSEFc3#DCILA2)
14331) GO TO 173
4434" 772 IF(I.GT.3) GO To 774
143!)t CALL SAVSCTC2,SECT7)
1436o CALL CLOSEF(2.ORCLAI)
143/10 GO To 773
143811 774 CALL SAVSCT(3,SECTB)
14391 CALL CLOSEFC3,DRCLA2)
144001 Go To 773
14411 769 IFCI-2)775,776,777
1442(. 775 CALL SAVSCTC2pSECT5)
14430 CALL CLOSEFC2)
144 GO TO 773
1445U 776 CALL SAVSCT(3pSECT6)
1446#; CALL CLOSEF(3)
144/1 c0 To 773
1448v 777 IF(I.GT.3)GO To 778
14490 CALL SAVSCT(2,SECT7,
14501, CALL CLOSEF(2)
1451U GO To 773
145211 778 CALL SAvSCTc3#SECT8)
1453n( CALL CLOSEF(3)
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Table B7 (concluded)

Listing of Subrcutine CALSST

1454., 773 CONTINUE
14551 NCILAI(2)zNMCLA1(2)
14560 NCILA2c2)zNMCLAl(2)
145/0 NRCLA1(2):NMCjLAl(2)
14580' NRCLA22:=NMCLAIc2)
145Yt; qEwFIL=O
14595C*00*TEST NEED FOR NEW CONTINUATION FL.......*O.....
1460J0 IFCMODCNY1SEQuX8).EO.O)NEWFIL 21
1462U RETURN
1462,. END
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APPENDIX C: INPUT DATA ORGANIZATION AND FORMAT

1. The format for preparing control and weather data on cards is

described in this appendix (see Part III of the main report). Figure C1

shows the texture code for soils of the U. S. Department of Agriculture

textural classification system that is entered on type 1 card (see fig. C6).

Figure C2 shows a complete card deck setup; and"figs. C3-C5 show the card

deck setup for each of three examples illustrating the use of specific, sur-

face composition group and estimated (tentative average) data, respectively.

2. Figures C6-C19 show the positions of the variables on each of the

cards with a brief description of the variables. The decimal point as shown

is preferred; however, it may appear anywhere in the area reserved for the

variable. It should be remembered that the decimal point as entered takes

precedence over the format call by the program. Double-headed arrows show

the column limits of the area reserved for the variable. If there are no

arrows, the variable must appear in that column only. A "A" indicates a

space that must be left in the column.

C1

191:



41
0& rn c

-,e-

or. W

0,0

09



rwlp

Precipitation 915 451

Snc-w Depth 9841

jAir Tempera- 9 8 451T ----- I
!ture

I Precipita- I9 8 451
tiozi

Required sequence
of cards if air
temperature and snow 8 -

depth cards are present.,

-___ _ - -R18-9 WEATHER DATA

R(5) 7 _______

ONE OF F 0 6 __

THESE - 05
~Qis E OF4... CONTROL DATA AN4D

REQUIED O- AREA IDENTIFICATION

0.2

R1

NOTE: R - REQUIRED IN PROGRAM
0 - OP'TIONAL IN PROGRAM

Fr.C2. Card deck setup for a time-sharing file



, -,.. . ..- --

22 Oct-
31 Dec 52

......... Winter Begins9-Jc221052--- .. 24 Oct 52

83 24 10 52 
--

8 Hay
/14 Sep 51

9-8May 51

9 =8 r.51 WEATHER
13 April 1951 is first day / DATA

,of data. It is in the 7
spring season (2) -

/ F7

124

/ 23
2-2-3?

2-2-31
2-2-22

-2-21
,-2-± CONTROL DATA AND/ 2-2-11 AMEA IDENTIFICATION

2-1

11

NOTE: These data can be entered by computer operator or by user through
the teletype (keyboard or punched paper tape). One card
corresponds to one line. An example using this setup is
presented in Appendix E, Ecample 1.

Fig. C3. Card deck setup using specific data
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8

R 9 WEATHER
Ri 8 DATA

R(S) 7

03 -- _________ SUPPLEMENTARY0133 
TO SURFACE

_______COMPOSITION

GROUP CONTROL
DATA SELECTED

NOTE: FROM( FILE
R - REQUIRED IN PROGRAM "DSURGR

0 - OPTIONAL IN PROGRAM

An example using this setup is presented in Appendix E, Example 2.

Fig. C4. Card deck setup using suriace
composition group data
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WEATER
DATA

REQUIREDCONTROL DATA AND

R AREA IDENTIFICATION

NOTE:
R-REQUIRED IN PROGP.MI
0-OPTIONAL IN PROGRAM

An example using this setup is presented in Appendix E, Example 
3.

Fig. C5. Card deck setup using estimated

(tentative average) data
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APPENDIX D: STORED INPUT DATA FILE LISTINGS

1. This appendix includes listings of two files containing control

information for the surface composition groups and tentative average soil

ntrength relations, respectively. Table Dl, file "DSURGR", contains the

required control data input to the program for each of the surface

composition groups. The first set of figures on each line is the line

number. The remainder of the line follows the organization of input data

as described in Appendix C. For example, on the first line, 501, the

first number, 1, identifies card type 1 with the following information:

the surface composition group is 0505; the two "C's" indicate a storage

location within the program for holding the depletion equation coef-

ficients for the two soil layers. The remaining two values, 1.50 and 1.50,

are the soil densities for the two layers.
A

2. Table D2, file DFSTEQ, contains data for the variables in the

tentative average soil strength relations. The information to the left

of the line number is not in the file. It is included for identification

of the information only and matches the number of the equation set as

defined in tables 6 and 7 of the main text. The numbers on the first line

of each set to the right of the line number identify the form for each

of the variables required in the two equations of the set. For example,

equation set 4 for RCI (table 7, main text) provides data on variables

for liquid limit and plastic limit, respectively. (The data, soil

property values, are input on card 6, see fig. Cl6a, Appendix C.) On

line 370 of the file a 3 in the fifth slot indicates the ln ln form for

liquid limit and a I in the sixth slot indicates the natural form for

Dl
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- . ... . . .- - -. ... . . . , - -- - . . . . I

1W1

plastic limit. Zeros for the other variables indicate that they are not

used in the equation. The appropriate sets of equations are identified

by numbers 1-6 entered on card 2-5 illustrated In fig. CI1, Appendix C.

Line 380 of file DFSTEQ contains the constants of the equation for calculat-

ing the moisture content of a soil with an RCI of 100 when the liquid and

plastic limits are known. In this case, the equation is:

MC (of a soil With an RCI of 100) = 0.7P3718 + 1.498687 (lnlnLL) + 0.026353(PL)

D2
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APPENDIX E: EXAMPLES OF PREDICTION RUNS

1. The purpose of the examples in this appendix is to illustrate

the input data setup required for prediction of soil moisture content

and soil strength and for input to the Freeze-Thaw model. Example 1

illustrates a prediction run using specific (measured) data and relations

derived from measured data and example 2 shows the setup for a run using

the surface composition group data. In example 3 the only soil and

terrain data available are those that have been derived from estimated

or averaged values and from weather records from a nearby weather station.

In this case tentative average relations, which are built into the program,

are used. Example 4 shows input and output data required for use in the

Freeze-Thaw model.

2. Appendix F contains graphic displays of the results of runs for

the first three examples.

Example 1, Run Using Specific Data

3. Assume that daily prediction of soil moisture content in inches and

percent and CI and RCI for the two layers is needed at a site for the

period 13 April 1951 - 31 December 1952. Records are available for data

as follows:

a. Physical soil properties

% Organic Dry
Z Sand % Silt % Clay Matter Density, g/cc

Layer 1 5 78 17 1.71 1.35

Layer 2 4 78 18 1.24 1.53

El
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b. The site is located on the levee of a bottomland, which is

classified as wetness index 4 (table 5, main text).

c. The soil is a Collins silt loam.

d. The following relations have been determined from measured

data:

(1) Accretion relations

Layer 1 Layer 2

Class I 0.7X-0.04 0.44X-0.10

Class II 0.96Z-0.06 0.76Z-0.02

Minimum storm - 0.10 in. Layer 1-Class I relation

changes to a 1:1 relation when the soil moisture

content prior to accretion is 0.10 in.

(2) Depletion relations
:X X 2  X 3  X4  X 5  X 6

Summer

Layer 1 0.112577 0.892538 -2.41564 2.34487 -1.01126 0.163761

Layer 2 0.0875938 0.148577 -0.303785 0.127866 0 0

Transition

Layer 1 0.233207 -0.454052 0.359594 -0.0938728 0 0

Layer 2 0.404195 -2.2826 5.68009 -6.27261 2.52196 0

Winter

Layer 1 0.198281 -1.61755 7.46858 -10.673 0 0

Layer 2 1.01464 -24.9913 255.935 -1102.69 1693.1 0

E2
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(3) Strength relations

CI RCI

Layer 2 ln~l - 10.72 lnMC-1.64 lnRCI 23.864 lnMC-5.815

e. Limits of soil moisture content

Maximum Minimum

By Seasons
Summer Transition Winter

Layer 1 2.52 in. 0.66 in. 1.02 in. 2.13 in.

Layer 2 2.43 in. 0.90 in. 1.53 in. 2.19 in.

f. Measured soil moisture contents on 13 April 1951 were

2.12 in. for the first layer and 2.26 for the second layer.

y,. Beginning of season dates

Spring Summer Fall Winter

10 Mar 10 May 21 Sept 24 Oct

h. Precipitation as listed in data file (table El) beginning with

line 20.

4. From this information the required control data (lines 1-13 of

table El) and weather records (beginning line 19 of table El) are set up

for a daily soil moisture-scil strength prediction. A card deck would be set

up in accordance with fig. C3, Appendix C. The teletype irput during the

running of the program is shown in table E2. Partial lists of predicted

soil-moisture contents in inches and percent and CI for the 6- to 12-in.

(15- to 30-cm) layer are shown in tables E3-E5.

Example 2. Run Using Surface Composition Group Data

5. Suppose all that is known about the area in example 1 ib that:

(a) it is on the levee of a bottomland; (b) the water table occurs at

E3



the surface less than 90 percent of the time and above the 120-cm

depth more than 10 percent of the time; (c) the soil is silt with an

organic content less than 7 percent; and (d) the starting moisture con-

tents for the two layers and the weather data (daily precipitation and

beginning of season dates) are known. Daily predictions of soil mois-

ture content and soil strength can be made by using the program controls from

file DSURGR (table Dl, Appendix D). To determine the surface composition group

for this area, a search is made of table 1 of the main text, and Group

0808 is selected for obtaining control data. The card deck setup is shown in

fig. C4, Appendix C. Table E6 lists the input data file printout for

Group 0808, and table E7 shows the teletype input during the run. Partial

outputs of soil moisture content in inches and percent and CI are shown

in tables E8-ElO.

Example 3, Run Using Estimated Data

6. Assume that all that is known about the area in example 1 is

that it is a bottomland with an estimate-- wetness index of 4. Percent-

ages of sand, silt, clay, and orga-ic matter, and values of dry density

are obtained from soil samples. Ut.h this information and weather data,

an input deck is set up and a data file is output as shown in table Ell.

The program then computes maximum and minimum soil moisture contents.

The maximum moisture content is used as beginning moisture ce'tent. The

program proceeds with daily predictions by using tentative average relations

for accretion and depletion. (See fig. C5, Appendix C, for the deck aotlv.)

The teletype input and response during run time is shown in table E12.

E4
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Tables E13-E15 show partial outputs of soil moisture content in inches

aad percent and CI predictions. *

Example. 4, Run Providing Data for Freeze-Thaw Model

7. An example of a data file with air temperature and snow depth

input data is shown in table E16. The weather data setup is shown in

fies. C2 and C3, Appendix C. The teletype input and response for the

Freeze-Thaw model are presented in table E17. Table E18 is a listing

of the required soil moisture content and weather data output by the

program.

!E



Table El

Example 1. Data File Printout

OObOl 1 RIFLE TSO002 14 4 1.35 1.53

00002 2 1 0.101 0.100 7 0. 0. 750. 0. 300. 0. 300. 0.

00003 2 2 11 .11?577 .892538 -2.41564 2.34487 -1.01126 .163761
00(i04 2 2 12 .(875938 .148577 -.303785 .127866 0. 0.
00005 2 2 21 .233207 -.454052 .359594 -.0938728 0. 0.
00006 2 2 22 .404195 -2.2b26 5.68009 -6.27261 2.52196 0.

00007 2 2 31 .198281 -1.61755 7.46858 -10,673 0. 0.
o00n8 2 2 32 1,01464 -24.9913 255.935 -1102.69 1693,1 0,
00109 2 3 1.86 1.53 1.50 0.90 0.39 0.24
00011 2 4 .,.0 0.0 10.72 -1.64 0.0 0.0 23.864 -5.815
00,11 2 6 0.700 0.960 0.440 0.760 -0.04 -0.06 -0.10 -0.02

0U012 3 2.12 2.26
00o13 4 2.5e 2.43 0.66 0.90

00n14 7 SPECIFIC RELATIONS
001115 7 LOCATION - RIFLE RANGE. VICKSBURG# MISS.

00u16 7 SOIL - COLLINS SILT LOAM
00J17 7 vEGETATION - HERBACEOUS

00018 7 RECORD - 13 APR 1951-31 DEC 1952
00019 P2 13 4 51
o0,2' 9 8 45* 77.77 77.77 77.77 77.77 77.77 .02
00021 915 45: .63 2.69
00'22 922 45i
00023 929 45.1 .0?
00(;?4 9 1 551 .03
00(125 sl 1. 5 51
00QL26 9 8 55.. .47 .22

001127 915 55 1 ,01
000?8 ;22 55i
00029 929 55±
00030 9 1 651
00i131 9 8 65i .43 1.79 ,02 .64

00062 915 65i .41 .40 .13
00033 922 65i .88

00034 929 651 .4n .24
00035 9 1 751 .81 .72
00036 9 8 151

00,37 915 751
00038 9;2 751 .28 .05 .06 .01 2.66
000139 929 751
00(141) 9 1 851
00F41 9 8 851
00t42 915 811 .06 1.61
00043 922 851
00,144 919 851



Table E2

Example 1, Teletype Input

FOR INFORMATION ON RUNNING THIS MODEL SEE USER'S MANUAL.

WHEN ANSWERING YES OR NO QUESTIONS,
USE 1 FOR YES AND 2 FOR NO.

IS INPUT RAINFALL IN CMI
INPUT:O1560
'2

IF YOU WANT OUTPUT MOISTURE CONTENT IN:

INCHES ENTER A 1; CM ENTER A 2
INPUT:01590
'1

NAME LAYERS I AND 2 SOIL MOISTURE CONTENT FILES.
EXAMPLE XXIO001 XX200I

INPUTZO 1620
AMIOO1 AM2001

DO YOU NEED OUTPUT MOISTURE CONTENT IN PERCENT'
INPUT:0 1640

NAME LAYERS 1 AND 2 PERCENT MOISTURE FILES.
EXAMPLEIXX10 ! *XX2001

INPUT:01680
SAPIO01*AP2001

IF YOU HAVE AIR TEMPERATUREP ENTER A T; IF NOT A 9
INPUT:01710
P9

IF YOU HAVE SNOW DEPTH(M),ENTER AN SN; IF NOT A 9
INPUT: 01740
79

WHAT IS YOUR INPUT SOURCE?
ENTEASR I FOR SURFACE COMPLEX GROUPS, OTHERWISE A 2
INPUT:01780

2

1 of 2 sheets



Table E2 (concluded)

ENTER THE NAME OF YOUR INPUT FILL

INPUT:01810
I DARIFH

ARE MAX AND MIN SOIL MOISTURE EQUATIONS INCLUDED IN THE
INPUT DATA FILE'
INPUT01840
'2

SITE RIFLE TSO002

TEXTURE
DENSITY 1*35 1.53
BEG MC 2-12 2,26
MAX-MIN MC 2.520 2.430 0.660 0.900

SPECIFIC RELATIONS
LOCATION - RIFLE RANGE, VICKSBURG, MISS.

SOIL - COLLINS SILT LOAM
VEGETATION - HERBACEOUS

RECORD - 13 APR 1951-31 DEC 1952

DO YOU WANT CONE INDEX FOR FIRST SOIL LAYER? SECOND LAYER'

RCI FOR FIRST LAYER' SECOND LAYER? SEPARATE ANSWERS

wITH COMMAS. EXAMPLE:FOR nCI ONLY FOR BOTH LAYERS;2,2,1,1
INPUT:13180

7 1*1.1,1

ENTER NAMES OF SOIL STRENGTH FILES TO BE USEDENTER
NODATA IF A FILE IS NOT TO BE USED.
EXAMPLESFOR RCI FOR BOTH LAYERS;NODATA, NODATA, XXIOO1,XX2001
INPUT:13220

ACIOOIAC2001,AR100OAR2001

STOP

RUNNING TIME: 78.1 SECS I/0 TIME Z 42.6 SECS

2 of 2 sheets



Table E3

Exa~le 1. Predicted Soil Moisture Content in Inches

SPECIFIC RELATIONS
LOCAT!ON - RIFLE ,ANGE, VICKSBURG# MISS.

SOIL - COLLINS SILT LOAM
VEGETATION - HERBACEOUS

RECCRD - 13 APR 1951-31 DEC 1952
SOIL MOISTURE IN/6 IN

6 - 12 IN LAYER

CAY APRIL 1951
8-14 PIL 15

2.23 2,20
15-21 2.17 2.14 2.11 2.08 2.25 2.22 2.36
22-2b 2.33 2.31 2.28 2.25 2.22 2.19 2.16
?9-30 ?.12 2.09

DAY MAY 1951
1- / 2.Lb 2.03 2.01 1.9e 1.95 1.93 1.908-14 1.88 1.98 1.99 1.91 1.87 1.81 1.75

15-21 1.t9 1.63 1.57 1.5' 1.45 1.40 1.34
2228 1.30 1.26 1.22 1.18 1.15 1.13 1.10
29-31 1..8 1.06 j.04
CAY JUNE 1951

- I 1.'3 1.02 1.00 0.99 0.98 0.98 0.97
8-14 C.96 1.05 1.74 1.68 1.62 1.55 1.74
15-21 1.67 1.78 1.72 1.79 1.80 1.74 1.68
22-28 1.62 1.56 1.50 1.44 1.39 1.34 1.63
29-30 1.10 1.71

'I..,
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Table E4

Example 1. Predicted Soil Moisture Content in Percent

IDENTIFICATION NUMBEk: RIFLE TSO002

PERCENT MOISTURE CONTENT
6 - 12 IN LAYER

DAY JANUARY 1952
1- / 24.18 24.03 23.91 25.64 25.35 25.12 24.94
8-14 24.78 24.8(0 24.66 24.52 24.3b 24.22 24.07
15-21 23.94 23.87 23.86 23.85 23.86 24.59 24.45
22-28 24.30 24.14 24.00 23.89 23.86 25.63 25.34

29-31 25.11 24.93 24.78
DAY FEBRUARY 1952
1 / 25.85 25.54 25.27 25.38 25.14 24.95 24.80
8-14 24.66 24.5? 24.38 24.22 25.71 25.42 25.17

33-21 25.94 26.27 25.96 25.65 25.36 25.99 25.68
22-213 26.t,6 25.76 25.A6 26.01 26.34 26,02 25.71
PAY MARCH 1952
1- 2'.42 25.17 25.94 25.63 25.35 25,12 24.93
E-14 24.78 24.80 25.87 25.58 25.28 24.97 24.66

15-21 24..3 24.00 23.66 25.58 25.28 24.97 24 66

22-28 25.b2 25.52 25.22 24.91 24.60 24.27 23.94
29-31 23.60 23.26 22.92
rAy APRIL 1952
1- / 22.59 22.27 21.96 23.26 22.93 22.60 22.27
8-14 21.96 21.66 21.77. 21.47 24.22 23.88 23-54

15-21 23.20 22.87 22.54 22.2? 21.91 22.02 21.71
22-28 21.42 25.04 24.73 24.41 24.08 23.74 23-40
29-311 23.116 22.73
VAY MAY 1952
- / 22.40 24.86 24.54 24.21 23.88 23.54 23.20

.-14 22.87 22.54 23.27 22.61 21.97 21.33 20.68
15-?1 20.U3 19.36 18.69 23.78 25.61 24.75 24.01

22-28 24.11 25.69 26.06 25.13 24.34 23.63 25.57

29-31 26.v4 25.10 24.3?
DAy JUNE 1952
1 / 23.61 22.95 22.30 21.66 21.01 20.36 19.70
R-14 19.:,3 18.36 17.68 17.01 16.37 15.74 15.16

15-21 14.61 14.10 13.64 13.23 12.86 12.53 12.24

22-2b 11.97 11.74 11.54 11.36 11.20 11.06 10.93
29-30 1U.82 10.72

~M)



Table E5

Example 1. Predicted Cone Index

IDENTIFICATION NUMBER: RIFLE TS0002
CONE INDEX

6 - 12 IN LAYER

DAY JANUARY 1952
- / 244. 247. 249, 222. 226. 229. 232.

t-14 234. 234. 236. 239. 241. 243. 246.
15-21 248. 249. 250. 250. 250. 238. 240.
22-28 24k. 245. 247. 249. 250. 222. 226.

29-31 25v. 252. 235.
rAy FEBRUARY 1952

1- 7 2i9. 223. 227. 226. 229. 232. 234.
8-14 236. 239. 241. 243. 221. 225. 229.

15-21 218. 213. 217. 222. ?26. 217. 221.

22-28 216. 220. 224. 217. 212. 217. 221.
I:AY HARCH 1952

2?5. 229. 218. 222. 226. 229. 2.2.
8-14 235. 233. 219, 223. 227. 232. 236.
15-21 242. 247. 253. 223. 227. 232. 236.
22-2d 2:9. 224. 228. 233. 237. 243. 248.
29-31 254. 260. 266,
DAY APRIL 1952
I- / 274. 279. 286. 260. 266. 273. 279.
8-14 286. 292. 290. 297. 244. 249. 255.

15-21 261. 267. 274. 280. 287. 285. 291.
22-28 298. 231. 235. 240. 246. 252. 258.
29-3U 264. 270,
DAY MAY 1952
I- / 277. 233. 238. 244. 249. 255. 261.

8-14 268. 274. 260. 272. 286. 300. 315.
15-21 332. 351. 372. 251. 222. ?35. 247.
22-28 245. 221. 216. 229. 242. 254. 223.
29-31 216. 230. 242.
CAY JUNE 1952
1- ; 254. 266. 279. 292. 307. 323. 341.
8-14 361. 383. 408. 434. 463. 493. 525.
15-21 557. 590. 623. 656. 687. 717, 745.
22-28 750. 750. 750, 750. 750. 750. 750.
29-30 75v. 750.

Z3i



Table E6

Example 2. Data File Printout

00012 3 2.12 2.26

00014 7 SURFACE COMPOSITION GROUP 0808

00015 7 LOCATION - RIFLE RANGE. VICKSBURG& MISS.
U0016 7 SILT# FINE GRAINED, ORGANIC MATTER 0-7 PERcSN

T

00017 7 INTERNAL DRAINAGE-CLASS I

00018 7 RECORD - 13 APR 1951-31 DEC 1952
00019 02 13 4 51

00020 9 8 451 77.77 77.77 77.77 77.77 77.77 .02

00021 915 451 .63 2.69

00322 922 451
00023 929 451 .02
00024 9 1 551 .03

00025 81 10 5 51
00026 9 8 551 .47 .22
00027 915 551 .01

00028 922 551
00029 929 551

00030 9 1 651
00031 9 8 651 .43 1.79 .02 .64

00032 915 651 .47 .40 .13

00033 922 651 .86

00034 929 651 .40 .24

00035 9 1 751 .81 .72
00036 9 8 751

00037 915 751
00038 922 751 .28 .05 .06 .01 2.66

00049 929 751
00040 9 1 851
00041 9 8 851
00042 915 851 .06 1.61

00043 922 851
00044 929 851
00045 9 1 951 .58 03
00046 9 8 951 .71 .07 2.14

00047 82 21 9 51
00048 915 951 .03
00049 922 951 .89 3.82

00050 929 951

00051 9 11051 .04

00052 9 81051
00053 9151051

00054 83 24 10 51
00055 9221051 .84
00056 9291051 .01 .33



Table E7

Example 2. Teletype Input

FOR INFORMATION ON RUNNING THIS MODEL SEE USER'S MANUAL.

'AHEN ANSWERING YES OR NO QUESTIONSA
USE I FOR YES AND 2 FOR NO,

IS INPUT RAINFALL IN CM?
INPUT:0 IS6
72

IF YOU WANT OUTPUT MOISTURE CONTENT IN:
INCHES ENTER A 1; CM ENTER A 2

INPUTa01590
J ?!

NAME LAYERS I AND 2 SOIL MOISTURE CONTENT FILES.
EXAMPLE:XXI00I ,XXS26I

INPUT:01620
? MC1 01,MC2001

DO YOU NEED OUTPUT MOISTURE CONTENT IN PERCENT?
INPUT:01640
? I

NAME LAYERS 1 AND 2 PERCENT MOISTURE FILES.
EXAMPLEz)X001,XX2001

INPUT:01680
? PMI0IAPM2001

IF YOU HA '1 C. AIR TEMPERATURE, ENTER A T; IF NOT A 9
INPUT:01710
? 9

IF YOU HAVE SNOW DEPTHCI),ENTER AN SN$ IF NOT A 9
INPUTs01740
? 9

WHAT IS YOUR INPUT SOURCE?
ENTER: I FOR SURFACE COMPOSITION GROUP, OTHERWISE A 2

INPUT:01780
?!

1 of 2 sheets



Table E7 (concluded)

ENTER THE NUMBER OF YOUR SURFACE GROUP
INPUT0 01890
? 0808

SITE 0808
TEXTURE C C
DENSITY 1.34 1.41
MAX-MIN MC 2.900 2.800 0.650 0.700
ENTER NAME OF RAINFALL FILE
INPUT: 02770

? DA0808

BEG MC 2.12 2.26
SURFACE COMPOSITION GROUP 0806

LOCATION - RIFLE RANGE, VICKSBURG, MISS,
SILT, F.4NE GRAINED, ORGANIC MATTER 0-7 PERCENT

INTERNAL DRAINAGE-CLASS 
RECORD - 1 APR 1951-31 DEC 1952

DO YOU WANT CONE INDEX FOR FIRST SOIL LAYER' SECOND LAYER'
RCI FOR FIRST LAYER? SECOND LAYER' SEPARATE ANSWERS
WITH COMMAS- EXAMPLE:FOR RCI ONLY FOR BOTH LAYERS;2*2,1*I
!NPUT: 131R0

, 1 .,11

ENTER NAMES OF SOIl. STRENGTH FILES TO BE USED,ENTER
NODATA IF A FILE IS NOT TO BE USED.
EXAMPLE:FOR RCI FOR BOTH LAYERS;NODATANODATA,XXI00OXX2001
INPUT: 13220
1 ACIOO1,AC200IARIGOIAR2001

STOP

RUNNING TIME: 81.5 SE-S I/0 TIME m2.6 SECS

2 of 2 sheets

-234- -



1w 'Imp---w---y---- ---

Table E8

Exav.le 2, Predicted Soil Moisture Content in Inches

SURFACE COMPOSITION GROUP 0808
LOCATION- RIFLE RANGE# VICKSBURG, MISS.

SILT, FINE GRAINED, ORGANIC MATTER 0-7 PERCENT
INTERNAL DRAINAGE-CLASS 1

RECORD - 13 APR 1951-3! DEC 1952
SOIL MOISTURE IN/6 IN

6 - 12 IN LAYER

;Ay APRIL 1951
5-14 2.24 2.22

1',-21 2.21 2.19 2.17 2.15 2.28 2.27 2.57
2 -2d 2.55 2.53 2.52 2.50 2.48 2.46 2.45

2.43 2.41
;:Ay MAY 1951
I- / 2.40 2.38 2.36 2.34 2.33 2.31 2.29
8-14 2.27 2.37 2.41 2.37 2.33 2.30 2.26

19-21 2.22 2.18 2.15 2.11 2.07 2.03 2.00
2?-2b 1.96 1.92 1.88 1.84 1.80 1.76 1.73
2('-3: 1.69 1.65 1.61
PAY JUNE 1951
1- 1 1.57 1.53 1.49 1.45 1.41 1.38 1.34
3-14 1.30 1.39 1.77 1-73 1.69 1.65 1.78

1-2i 1.74 1.84 1.80 1.88 1.90 1.86 1.82
22-2; 1.78 1.74 1.70 1.66 1.62 1.58- 1.77
29-3,1 1.84 1.89

K35



Table E9

Example 2, Predicted Soil Moisture Content in Pe:,cent

IDENTIFICATION NUMBER: 0808
PERCENT MOISTURE CONTENT

6 - 12 IN LAYER

VAy JANUARY 1952
1- , 32.33 32.22 32.11 32.47 32.36 32.26 32.15
8-J4 32. 5 32.53 32.42 32.32 32.21 32.1! 32.00
15-21 31.90 31.79 31.69 31.58 31,48 32.21 32.11
22-26 32.00 31.90 31.79 31.69 31.59 32.26 32.15
29-31 32.1,5 31.94 31.84
DAY FEBRUARY 1952
I- / 32.36 32.25 32.15 32.52 32.42 32.31 32.21
8-14 32.10 32.00 31.89 31.79 32.34 32.23 32.13
15-2. 32.48 32.83 32.73 32,63 32.52 32.88 32.78
22-28 33.10 33.00 32.90 33.10 33,10 33.00 32.90
:AY MARCH 1952

32.80 32.69 33.05 32,95 32.85 32.74 32.64
P"14 32.54 32.73 33.08 32.88 32.68 32.47 32.27

15-21 32.C7 31.87 31.67 32:29 32.09 31.89 31.68
2 -2f 32.30 32.09 31.89 31,69 31.49 31.29 31.09
29-31 30.89 30.69 30.49
:Ay APRIL 1952
- / 30.29 30.09 29.89 31.07 30.87 30.67 30.47

C-14 30.27 30.07 30.60 30.40 31.78 31.58 31.38
1-21 31.18 30.98 30.78 30.58 30.38 30.60 30.40
2;'-2 30.20 31.73 31.50 31.30 31.10 30.90 30.70
2.-3tj 30.50 30.30
'Ay MAY 1952
- / 30.10 31.66 31.46 31,26 31.06 30.86 30.66

a-14 30.46 30.26 31.13 30,69 30.25 29.82 29.38
15-21 28.95 28.51 28.08 30,85 31.96 31.52 31.08
22-2d 31.30 32.14 32.50 32.05 31.61 31.17 32.09
29-31 32.46 32.01 31.57
LAY JUNE 1952
1- 31.13 30.69 30.26 29.82 29.39 28.95 28.52
6-14 28.08 27.65 27.21 26.78 26.34 25.90 25.46

1;-21 25.C2 24.57 24.12 23.68 23.22 22.77 22.32
2?-28 21.86 21.40 20.94 20.47 20.01 19.55 19.08
29-3f, 18.62 18.16



Table EIO

Example 2. Predicted Cone Index

IDENTIFICATION NUMBER: 0808
CONE INDEX

6 - 12 IN LAYER

DAY JANUARY 1952
1- / 119. 120. 121. 118. 119. 120. 121,
8-1i 122. 117. 118. 119. 120. 121. 122.
15-21 123. 124. 125. 126. 128. 120. 121.
22-2d 122. 123. 124. 125. 126. 120. 121.
29-31 122. 123. 124.
UAy FEBRUARY 1952

- 119. 120. 121. 117. 118. 119. 120.
8-14 121. 122. 123. 124. 119. 120. 121.
15-21 118. 115. 116. 116. 117, 114. 115.
2112. 113. 114 112. 112. 113. 114.

Y MARCH 1952
1- 115. 116. 113. 114. 115. 115. 116.
-" 117. 116. 112. 114. 116. 118. 120.

15-21 122. 124. 126. 120. 122. 123. 125.
25-28 120. 121. 123. 125. 127. 129. 132.
2!-31 134. 136. 138.
DAY APRIL 1952
1- 1 41. 143. 145. 132. 134. 136. 139.
9-14 141. 143. 137. 139. 124. 127. 129.

1"-21 131. 133. 135. 137. 140. 137. 139.
2 -28 142. 125. 127. 129. 132. 134. 136.
29-3v 138. 140.
CAY MAY 1952

/ 143. 126. 128. 130. 2. 134. 136.
8-14 139. 141. 131. 136. 141. 146. 152.

15-21 158. 164. 170. 134. 123. 127. 132.
22-2d 129. 121. 118. 122. 126, 131, 121,
2 29 . 1118. 122. 127.
DAY JUNE 1952
I- / 131. 136. 141. 146. 152. 158, 164.
8-14 17U. 17'. 184. 192. 200. 209. 218,

15-21 228. 238. 250. 262. ?75. 289. 304.
22-26 321. 338. 358. 378. 401. 425. 452.
29-3U 481. 513.

237



Table Ell

Exle 3. Data File Printout

0001 1 RIFLE TSO002 M M 1.35 1.53
0002 2 5 1 1
0003 61121 1. . 78. 17. 0. 0. 0. 0.
0004 1-71 0. 4.
0005 61122 1. 4. 78. 18. 0. 0. 0. 0.
0006 1.24 O. 4.
0014 7 TENTATIVE AVERAGE PREDICTION RELATIONS
0015 7 LOCATION - RIFLE RANGE& VICKSBURG* MISS.
0016 7 SOIL - COLLINS SILT LOAM
0017 7 VEGETATION - HERBACEOUS
0018 7 RECORD - 13 APR 1951-31 DEC 1952
3019 "2 13 4 51
0020 9 8 451 77.77 77.77 77.77 77.77 77.77 .02
0021 915 451 .63 2.69
0022 922 451
0023 929 451 .02
0024 9 1 551 .03
0025 81 10 5 51
3026 9 8 551 .47 .22
9027 915 551 .01
0028 922 551
0029 929 551
3030 9 1 651
9031 9 8 651 .43 1.79 -02 .64
3032 915 651 -47 .O .13
3033 922 651 .88
3034 929 651 .40 .24
3035 9 1 751 -81 .72
9036 9 8 751
)037 915 751
3038 922 751 .28 .05 .06 -01 2.66
9039 929 751
3040 9 1 851
3041 9 8 851
9042 915 851 .06 1.61
9043 922 851
)044 929 851

)045 9 1 951 .58 .03
)046 9 8 951 .71 .07 2,14
)047 82 21 9 51
)048 915 951 .03
3049 922 951 .89 3.82
)050 929 951



Table E12

Example 3. Teletype Input

FOR INFORMATION ON RUNNING THIS MODEL SEE USER'S MANUAL*

WHEN ANE"ERING YES OR NO QUESTIONS.,
USE I FOR YES AND 2 FOR NO.

IS INPUT RAINFALL IN CM?
INPUT:01560
? 2

IF YOU WANT OUTPUT MOISTURE CONTENT IN:
INCHES ENTER A 1; CM ENTER A 2

::jPUT : 01590

?I

NAME L YERIS I AND 2 SOIL MOISTURE CONTENT FILES.
EXAMPLESXXI001,*XX2001

INPUT: 01620
? 1CI1I MC2001

DO YOU NEED OUTPUT MOISTURE CONTENT IN PERCENT?

IPUT:01640
? 1

NAME LAYERS 1 AND 2 PERCENT MOISTURE FILES.
EXAMPLE:XX1001 ,XX2001

INPUT:0 1680
? PMIOOIAPH2001

IF YOU HAVE AIR TEhjPERATURE, ENT;.R A T; IF NOT A 9
1WPUT:J17 10
?79

IF YOU HAVE SNOW DEPTH(M),ENTER AN SN$ IF NOT A 9
INPUT: 01740

WHAT IS YOUR INPUT SOURCE?
ENTER: I FOR SURFACE COMPOSITION GROUP, OTHERWISE A 2
INPUT:01780
? 2

ENTER THE NAME OF YOUR INPUT FILE
INPUT:01810
? DTARIF

1 of 2 sheets

673O
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Table E12 (concluded)

ARE MAX AND MIN SOIL MOISTURE EQUATIONS INCLUDED IN THE
INPUT DATA FILE?
INPUT:01840
?2

SITE RIFLE TS0002
TEXTURE M M
DENSITY 1.35 1.53
SOIL PROPERTIES 1.000 5.000 78.000 17.000 0.000

0.000 0.000 0.000 1.71G 0.000 4.000
SOIL PROPERTIES 1.000 4.000 78.000 18.000 0.000

0.000 0.000 0.000 1.240 0.000 4.000
MAX-MIN*MC 2.927 2.954 0.778 0.880

TENTATIVE AVERAGE PREDICTION RELATIONS
LOCATION - RIFLE RANGE, VICKSBURG, MISS.

SOIL - COLLINS SILT LOAM
VEGETATION - HERBACEOUS

RECORD - 13 APR 1951-31 DEC 1952
LAYER I

CONE INDEX EQ. A= 1.322739227E+01
B= -2.405180618E+00

LAYER = I
RATING CONE EQ. A= 2.237862116E+01

B= -5.421705970E+00SLkYL E= 2

CONE INDEX EQ. A= 1.362313798E+01
B= -2.513599087E+00

LAYER = 2
RATING CONE EQ. A=  2.237669960E+01

B= -5.400542561E+00
DO YOU WANT CONE INDEX-FOR FIRST SOIL LAYER? SECOND LAYER?
RCI FOR FIRST LAYER? SECOND LAYERT SEPARATE ANSWERS
WITH COMMAS. EXAMPLE:FOR RCI ONLY FOR BOTH LAYERS2,2&1*21
INPUT:13180"
? 1,1,1,1

ENTER NANES OF SOIL STRENGTH FILES TO BE USEDENTER
NODATA IF A FILE IS NOT TO BE USED*
EXAMPLE:FOR RCI FOR BOTH LAYERS3NODATA*NODATAXXIO0I.XX201

INPUT:13220
? ICI001#IC2091pMRIggI*MR2@I|

STOP

RUNiJING TIME: 86.6 SECS I/0 TIME : 39.7 SECS

2 of 2 sheets

Z40



Table E13

ExEple 3. Predicted Soil Moisture Content in Inches

TENTATIVE AVERAGE PREDICTION RELATIONS
LOCATION - RIFLE RANGE, VICKSBURG, MISS.

SOIL - COLLINS SILT LOAM
VEGETATION - HERBACEOUS

RECORD - 13 APR 1951-31 DEC 1952
SOIL MOISTURE IN/6 IN

6 - 12 IN LAYER

PAy APRIL 1951
8-14 2.80 2.68
15-21 2.59 2.50 2.42 2.35 2.48 2.40 2.71
2-26 2.61 2.52 2.44 2.37 2.29 2.22 2.15
29-3u 2.(9 2.02
DAY MAY 1951

1.96 1.90 1.84 1.79 1.74 1.69 1.65
8-14 1.61 1.71 1.74 1.66 1.57 1.50 1,43
15-21 1.37 1.31 1.26 1.21 1.17 1.13 1.10
22-28 1.-77 1.05 1.02 1.00 0.99 0.97 0.96
29-31 U.95 0.94 0.93
DAy JUNE 1951
I- / 0.92 0.92 0.91 0.91 0.90 0.90 0.90
8-14 0.90 0.98 1.36 1,31 1.26 1.21 1.34

1 -21 1.28 1.38 1.32 1.40 1.42 1.35 1.30
2 -28 1.25 1.20 1.16 1.13 1.09 1.07 1.25
24-30 1.33 1.37

241



Table E14

Exgmple 3. Predicted Soil Moisture Content in Percent

IDENTIFICATION NUMBER: RIFLE TS"002
PERCENT MOISTURE CONTENT

6 - 1 I LAYER-

pAy 
JANUARY 1952S- " " 29.5e -293  30.84 0.6 30.41 30.23d-l4  3C.(6 30.50 30.31 30.13 29.96 29.81 29.6615-21 29.52 29.3T-"-9.26 2 q* 1 4 _29. 0329.g3 " 2-6"'22-2d 29.54 29.41 29.28 29.16 29.05 30.71 30.50-29-31 30.31 30.j3 29_i.96 --. .DAy 
FEBRUARY 1952i- ' 7 ,8 9-3 30.61 30.96 J.7i 30.51 30.328-14 360.4 29.97 29.8? ?9.67 30.69 30.48 30,29-X5-21 31.21 31.57 31.27 31.0b -30.76"" f39 s j1 -22-28 31.53 31.23 30.97 31.46 31.79 31.45 31.16DAy .. . .. MARCH - 1952 .. .. . .i 7 30.91 30.68 31.36 31.08 30.84 30.62 30,41" "953"50n. 31.14 30.61 *0.4 29.6, 29.26

15-21 28.84 28.43 28.03 p9,76 29.33 28.91 28.5022-78 30.49 30.07" 29.58 29,1-5 28.74--28.33- 27.193-
29-31 27.53 27.13 26.74
rAY APRIL 1952- / 26.34 25.95 25.57 26.66 26.27 25.88 25.49-_""  2

- -  
15. e4. 1, z Z5 - 7 7484 -2 61 7.F o-7.2 -- y-5 I

1S-21 25.48 25.09 24.71 24.34 23.97 24.17 23.812?-28 2 3.44 25.838-25-.44 25;06 24.68 -24 .3 1" 379W29-30 23.57 23.22EAy - ' AY 1959 -... .I" / 22.87 24.53 24.16 23.79 23.43 23.08 22.73-'-E'-€- Z1 gO 21.24 z27 0 -5.3 20 1 .6 19.16
15-21 18.48 17.83 17.20 20,18 21.08 20.36 19.6522-28 9,85 '2.43 -23.88 23f10 2.35-2i.60- 2FT36 V29-31 24.52 23.74 22.97
DAY .JUNE " 195

22.21 21.47 20.74 20.02 19.32 18.64 17.98
4 1 4 18./4 16.16 1 ,l1 .1U 14.62 14.1815-21 13.76 13.38 13.03 12.71 12.42 12.15 11.9122-28 1.69 11.49 11.31 i.14 10.99 10.6--..7 ..29-30 1U.62 10.52
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Table E15

Example 3, Predicted Cme Index

IDENTIFICAT1ON NUMBERF RIFLE TSOO2
CONE INDEX

CAy JANUARY 1952
... O; ll 16y. 15u.- 152. 155. 1 77

8-14 16. 154. 156. 159. 161. 163. 165.
15-21 167- --'16gF.... j7"- 172'. 174.-- 1"a'- 1657 --
22-28 167. 168. 170. 172. 174. 151. 154.
29-31 156. - 159T 1-I1
DAY FEBRUARY 1952
'I7 1 7 150. 152. 148. 151. 154. 156.
A-14 158. 161. 163. 165. 151. 154. 156.

1)-21 1457 -1-ii -- 5. 148. -5-1. f43T- i46-
22-28 141. 145. 148. 142. 131, 142. 146.
DAY ---ARH 195
,- 7 149. 152. 143. 147. 150. 152. 155.
-"81T 161. 159. 146. 152. 7597 165. 171.

15-21 177. 183. 190. 164. 170. 176, 182.
22-28 154. T6 6 67- 72. -f7." 185 192F
29-31 199. 206. 214.
CAy - - APR IL.-- -M
1- 7 222. 230. 239. 216. 224. 232. 241.
8 71-'--T 53. 260, 248. 257. 216. 224, 2 3.
15-21 241. 251. 261. 271. 281. 275. 286.
22-25 2 9T.- 2 3 3 T - 24 2 -!2 -262 -T vw - ___

29-30 293. 305.
DAY MAY 19-
1- / 317. 266. 276. 287. 298. 310. 322.
-o 35. 381, 347. 413. 451. 494.

15-21 540. 591. 647. 433. 388. 424. 463.
22-28 452; -33 -- 28.' 3 . -6"3657--- -

29-31 266. 288. 313.
DAY .U- - -"52 --

341. 371. 405. 442. 483. 529. 579.
. 8"!- 634. 693. 750. 750. 750. 750, 750.

15-21 75G. 750. 750. 750. 750. 750. 750.
22-85 7 .  .5n. "- 75A.. 750. 750.-750,
29-3U 75 * 750.

Z43
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Table E16

-_x:mple 4. Data File Printout with Air Temperature and Snow Depth

lb 3 .Sb b.74
30 7 SENSOR STUDY
40 7 WEST GERMANY WURZBURG AHEA 18

bO 7 SUHiACE COMPOSITION COMPLEX GROUP 0606
60 7 SAND WITH FINES, POOHLY DRAINED
'10 7
so 83 1 1 58
9) 9 1 158 .01 -13 .31 1.96

100 9 1 158T Ii.9 1-6 -3.6 -4.3 P.7 6.7 3.7
110 9 8 158 .Il -30 1-33 .01 -03 .66 .46
IPI 9 8 158T 1.6 2.6 2.8 5.0 2.3 2.5 2,0
130 915 158 .02 .02 .10 .64 .09
140 915 158T 1.0 0.8 1.3 2.7 2.0 -2.3 -1-9
150 915 1585 .04 ,04
160 9,!2 15K .01 .40 .01
170 922 158T -0.6 -3.4 -3.8 -3.0 -3.1 -1.2 -4.0
180 9P2 1585 .04 .o .02 .09 .06 .05 .05
190 929 158
200 929 158T -6.9 -5-0 -1.4
k10 929 1f35 .04 -04 .04
2.0 9 1 258 .04 .38 1-18 .64

P30 9 1 .58T -3.. -1.8 1.2 -1.3 3.0 0-0 -2-8

.4(U 9 1 2585 .04 -04 .04 .01 .02 .07
2bOJ 9 8 258 .40 .60 .14 1.08 -10 .12
P60 4 8 258T 3-0 7.P 7.4 6.8 10.6 9-0 14.7
270 9 8 2.58S .09

2130 915 258 .24 .07 -53 .97
q90 915 258T 13.3 9.9 2.1 -1.6 -1.2 1.7 3-3
300 915 258S .01 .07
311) 9n2 258 1.54 .01 1.74 3.00 .03 -37

320 922 258T -0.6 0.9 4.0 8.2 -0.6 -3.4 -1.7
330 922 258S .01 .03
340 9 1 358 -04 -59
350 9 1 358T -1.9 1-9 2.0 2.6 zi.6 2.0 -0.2
360 9 8 358 .06 .17 1.44 -09 -02 .61
370 9 8 358T -0.4 -2.2 -4.2 -6.0 -4.2 -3.2 -2.3
380 9 R 358S .01 .02 .12 -12 .08 .05 -14
391) 915 358 .07
400 915 358" -3.6 -2.7 -2-3 -2.3 -0.6 -2.1 -3.7
410 915 358S .08 .06 .04
420 922 358 .01 .43
430 922 358T -4.6 -3.3 -0.1 3.4 5.4 9.4 9.6
t40 929 358 .55
libO 9P9 358T 10.6 6.6 1.0
460 9 1 458 .45 .03 .27
470 9 1 458T 1.0 2.1 8.4 10-7 6.0 6.5 2.4
480 82 10 4 58



Table E17

Example 4, Teletype Input

FOR INFORhATION ON RUNNING THIS MODEL SEE USER'S MANUAL.

WHEN ANSWERING YES OR NO QUESTIONSi
USE 1 FOR YES AND 2 FOR NO.

IS INPUT RAINFALL IN CM?
INPUT:01560
71

IF YOU WANT OUTPUT MOISTURE CONTENT IN:
INCHES ENTER A 1; CM ENTER A 2

INPUT:01590

NA1E LAYERS 1 AND 2 SOIL MOISTURE CONTENT FILES.
EXANPLE:XXI001,XX2001

INPUT:01620
? CMI0IACM2001

DO YOU NEED OUTPUT MOISTURE CONTENT IN PERCENT?
INPUT:01640

?1

NAME LAYERS I AND 2 PERCENT MOISTURE FILES.
EXAMPLE:XXI001 XX2001

INPUT:01680
? MPI00!MP2001

IF YOU HAVE AIR TEMPERATURE, ENTER A T; IF NOT A 9
INPUT:01710

?T

IF YOU HAVE SNOW DEPTH(M)PENTER AN SN; IF NOT A 9
INPUT:0170

? SN

WHAT IS YOUR INPUT SOURCE?
ENTER: I FOR SURFACE COMPOSITION GROUPi OTHERWISE A 2
INPUT:01780
?1

1 of 2 sheets
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Table El7 (concluded)

Example 4. Teletype Input

ENTER THE NUMBER OF YOUR SURFACE GROUP
INPUT:0189
? 0606

SITE 0606
TEXTURE C C
DENSI'TY 1.55 1.65
MAX-MIN MC 2.420 2.260 0.500 0.540
ENTER NAME OF RAINFALL FILE
INPUT: 02770
? DT2.I F

SENSOR STUDY
WEST GERMANY WURZBURG AREA 18

SURFACE COMPOSITION COMPLEX GROUP 0606
SAND WITH FINES, POORLY DRAINED

ENTER NAMES OF SNOWoFROZEN SOIL DEPTH MODEL INPUT FILE
EXAMPLE: FRD001

INPUT: 12190
? FR100DELETED
? FRD001

DO YOU WANT CONE INDEX FOR FIRST SOIL LAYER? SECOND LAYER?
RCI FOR FIRST LAYER? SECOND LAYER? SEPARATE ANSWERS
WITH COMMAS. EXAMPLE:FOR RCI ONLY FOR BOTH LAYERS*2,2.1,1
INPUT: 13180

? 1,1,1,1

ENTER NAMES OF SOIL STRENGTH FILES TO BE USED.ENTER
NODATA IF A FILE IS NOT TO BE USED.
EXAMPLE:FOR RCI FOR BOiH LAYERS3NODATA.NODATAjXXI001XX2001
INPUT: 13220
? IC 1001IC2001,CRI001*CR2001

STOP

RUNNING TIME: 175.1 SECS I/O TIME 51.8 SECS

2 of 2 sheets
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Table E18

Example 4. Input Data for Freeze-Thaw Model

IDEN1IFICATION NUHBER: , 0-6 ...

FROZEN DEPTH OF SOIL(CRREL-1968) DATA INPUT FILE.

MEASURED $NOW DEPTH

JANUARY 1958

DENSITY: 0-15 CH LAYER, 1.55G/CH 15-30 CM LAYER, 1.65G/CM

X s 7 "FRETP-- TR- -- 5OIE wUT5rTUR-- SOITL IsTUwR
DAY DFTH,M ITATIC.%4CM TEMPC U-15 CM LAYER*% 15-30 CM LAYERX

1 . u.'o 4.9n 25.79 22.69

2 . .0" 1.60 25.56 22.55

3 . .01 -S.60 25.33 - 22.41
4 ... 0.0V -4.30 25.10 22.27to - 7... -O;--,- z z4.87 22.[ 3- -

6 . U 1.31 6.70 25.10 22.30

7 ... 1.96 3.70 25.43 . 22.61
8 ,It 0.14 1.60 25.19 22.47

9 . 0.3() 2;60 --25.52 - - -22.77

14 . 1131 2.80 25.84 22.83

1 . ---U - 37" 2-o -- -6

12 . 0.0k 2.30 25.38 22.55
13 .. ' 0.66 2.50 "25.7 - - 22.83
14 0.46 e.00 26.02 22.83

1 , 0.0? -. 00o - - 5-.79 -2.69-

16 • 0.0r , U.8n 25.56 22.55
17 .*-'TT' -I 3 -  -  z.33zz4

18 . 0.0? 2.7n 25.10 22.27

19 0.1 n  2.vn 24.87 -225.13

2(. 4 0.64 -e.30 25.20 22.44

21 . 4 0.09 -!.90 -24;96 .72.3 -

2? ... 4 0.01 - 60 24.73 22.16

2S -.7 0 If V 3.41F 745U Z2,0
24 2 0.0r, -3.80 24.26 21.88

25 ,.J9 0.4n -3.00 --24.88 -n .1

26 ..6 0.01. -3.10 24.65 21.99

27 . 5 0.0(' -i.20 24.42 71 .85"

28 ...5 0.01 -4.00 24.18 21.71

29 "'-.r---O.O" . 295 Z1.57

3- .'4 0.0r -5.O0 23.73 21.43

31 .,4 ..n -1.40 23.50 21.29

:47



APPENDIX F: GRAPHIC DISPLAYS OF RESULTS

1. Appendix F contains examples of graphic displays of results

for the first three examples described in Appendix E. The graphs were

run on the CALCOMP drum plotter. The program is listed in table Fl.

To run these Programs, the user must check the system, program compati-

bility, and the system library subroutines called by the program. A

run-time input by teletype is shown in table F2. Figs. FI-F6 are graphs

of predicted soil moisture content and CI for the first three examples

described in Appendix E.

2. Fig. F7 illustrates an option of the plotting program. Data

for each of two (or more) years are plotted on one axis. Ten or more

years' output could be plotted with this option, thereby giving a long-

term visual display of season wetness and/or soil strength.

Fl

Z48
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Table Fl

Program Lising for Graphic Display of Results

10v$SLIBAXISj3,9 1 ...
11 ,SL 18,LATIC o,#* *
:2"SLIRPLOTrT, , *.
13 DIMENSION4 x(365)#Y(165)eLAB1(i6),LAB2(16)*LAB3(6)
141 DMENSIO t'AXD(12),ICDM(2),IDLS(2)hIDYR(2)
i' CUMMON 1.IUMMY(49U),DUM(20)
16 DATA JX/LH./
1/ DATA MAX[)/31,28,31,30,31,30,31,31,311,31,30,31/

t9' PmINT#"ENTFR XMAX AND XMIN"
20- PliINTs" EXAMPLE: 400.- 0."
21! RL-AD,XMAX,XMIN
22'. SCX=(XMAX-XHIN)/8.
23,: SCALEX:8.0/(XMAX-XMIN)
24,; PNINT,"ENTER YMAX AND YMIN"
2b PJINT," EXAMPLE: 4.., 0."
26' Ri:ADYMAX,YMIN
2/, SCY=(YMAX-YMIN)/6.
28,1 SLALEY=6.( '/YMAX-YMIN)
290 N=1
30, CALL PLOTS(LDEV)
31, PRINT,"TYPE IN DATA FILE NAME."
32, RLAD 14,FILNAM
33" 1- FOHMAT(Ab)
34., PkINT,"ENTER NUMBER OF YEARS TO BE PLOTTED."
35:, RLADNPL
36- PINT,"DO YOU WANT ALL THE YEARS PLOTTED ON ONE GRAPH?"
31, PRINT," TYPE 1 FfR YES; 2 FOR NO"
38u RLAD:NOP
39.. CALL OPEhlF(. ,FILNAM)
40f, PRINTs"ENTER FIRST LINE OF HEADING CENTERED IN 48 SPACES."
41k, I'AD 1 2,LA61
42' PRINT,t,"ENTER SECOND LINE OF HEADING IN T:4E SAME MANNER."
43v PRINT,"SPACE AT THE END OF FIRST HEADING LINE IS RESERVED"
44", PRINT*"BY THE PROGRAM FOR THE YEAR."
45., RLADIO2,LAB2
4611 1 12 FORMAT(16A3)
47;- PWINT,"ENTER VERTICAL AXIS TITLE CENTERED IN 18 SPACES."
48., READ 1 4,LA83

49. 1 4 FORMAT(6A3)
500 Dr 2dO K=INPL
51, L1I
52f. NI=1
53$: ME:fl

54, PRINTP"ENTER BEGINNING DAY AND MONTH AND ENDING DAY AND MONTH"
5bn PHINTs"FOR THIS YEAR. EXAMPLE:8EGIN 13 APR. AND END 28 DEC."
56n PkINT#" ENTER: 13#4,2812"
57-. RLADIBEGIMBIEND,IME
58, JDA=7
59 IV) lu! IJ:1'5
600 1" (IBkG.LE.JDA)IBEG=(IJ-l)*7*
61:1 IF(IBLG.LE.JDA) GO TO 106
626 1 5 JDA:JDA*7
63,1 14,6 PRINT,"ENTER YEAR AS FOLLOW"

I of 3 sheets
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Table Fl (continued)

Program Listing for Graphic Display of Results

64) PRINT*"23LANKSo4NUMBER"

66.- 1' rORmATC2A3)
67 1)) 195 m=1.2
68 RLADC1.1.) CDUM(NNh.NN=l,9)
691 ,. FoRMAT(A3)
70.: DO 190 J=106
71- si(cM.EO.l.A,4D.J.LT.!MB)MEzME.NAXD(L)
72, PUH.E0.1..AND.j.LT.IMB)GO TO 188
73, li(L.GI.IME)GO TO 190
74) RLAD(lol.)DUM(l)

76 I'(L.LO.IME) GO TO 107
77 ME=ME*MAXDCL)
78, 1r cM.EO.L.AND.J.EO.IMB)NBEG:NI:N!.!BEG-1

800 2 FORMAT(1,X,7F7.0)

82'4 IicM.EO.±.AND.J.E0.1MB8 GO TO 189
83- 1',1 NI=NI*MAXD(L)
84 1'9 L=Lt1
85 110 CONTINUE
86.. READ(lel )DUMl)
87 j 115 CONTINUL
88, I' CNOP.E0.l.AND.N.GE.2) GO TO 45
89 V N-1)1t,16,18
90.) 1", CALL PLOT(O.#-30.#-31
91 Gij TO 8C
9? 1v' IF(MOD(Nv2).Ea.O)GO TO 70
93. CALL PLOT(15..-12.0-3)
94 Gil To 80
95.' 7 CALL PL0TO0.ui2.#-3)
96-1 GO To 82
97 8 CALL PLOT(.#3.#-3)
98; 6 CONTINUE
99' CALL AXIS13o. .0. .1?HTIME IN DAYS.-12. .14,8. .-1,O.XMINSCX,.. .1.)

10 CALL SYMBOL(O.71,-fl.90,O,14.LAS1,O.,48)
10 O ALL SYMBOL(7.iO,-O.90,O,14. IDYR.O. .6)
1O0W CALL SYMBOL(C.71,-3.18,14,LA82,..48)
1040 CALL LATIC(O..9j.,6.2,8.u1Dl)
101-U 45 CONTINUE
1060 CALL PLoT(,.,O.#3)
11)eJ W) 40 I=NBEGME
10-0 XCI):!
1110 ICI):XCI)-XMIN)-SCALEX
111U Y(j )zYCI)-YMIN)*SCALEY
11?0 IPENzS
1130 40 CONTINUE
1150 UO 50 I=NBEG-ME
1160' iF(Y(I).LE.0, GO TO 65
1170 'FMYI).LE.6.o) GO TO 60

2 of 3 sheets
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Table Fl (concluded)
Program Listing for Graphic Display of Results

110i0 CALL. PLOT(X(I),Y(I),IPEN)
11'4u IPEN-3
12t U ,0 TO 5.
1211 "3 IPEN=3
1220 !0 TO 5
121'; 0 CALL PLOTX(I),Y(I),IPEN)
12'0 :PEN82
125u .0 CONTINUE
1260 IF(N.EO.NPL) GO TO 9"
127') N=N*l
121ib e00U CONTINUE
129U ,.j CALL PLOT(O.,O.,3)
13,IC ',ALL PLOT(".,O.,999)
1 1(0 bTOP

16P,, ,8
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Table F2

Example of Teletype Input for Graphic Display of Results

ENTER XMAX AND XMIN
EXAMPLE: 4000, 00

INPUT:00210
? 400.,0.

ENTER YMAX AND YMIN
EXAMPLE: 48•., 0.

INPUT:00260
? 60.,0.

****FROM PLOTTER - PLEASE INPUT A PLOT FILE NAME
INPUT:00145
? ANSPO0

7YPE IN DATA FILE NAML.
INPUT:00320
? PM2001

ENTER NUMBER OF YEARS TO BE PLOTTED.
INPUT:00350
? 2

DO YOU WANT ALL THE YEARS PLOTTED ON ONE GRAPH?
TYPE I FOR YES; 2 FOR NO

INPUT: 00380
?2

ENTER FIRST LINE OF HEADING CENTERED IN 48 SPACES.
INPUT : 00410

? RIFLE RANGE, VICKSBURG, MISS. GROUP 0808

ENTER SECOND LINE OF HEADING IN THE SAME K..NNER.
SPACE AT THE END OF FIRST HEADING LINE IS RESERVED
BY THE PROGRAM FOR THE YEAR.
INPUT:00450

? PERCENT SOIL MOISTURE - SECOND LAYER

ENTER VERTICAL AXIS TITLE CENTERED IN 18 SPACES.
INPUT:00480
? PERCENT MOISTURE

1 of 2 sheets
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Table F2 (concluded)

Example of Teletype Input for Graphic Display of Results

ENTER BEGINNING DAY AND MONTH AND ENDING DAY AND MONTH
FOR THIS YEAR. EXAMPLE:BEGIN 13 APR. AND END 28 DEC.

ENTER: 134*28,12
INPUT:00570

? 13j,4.31,*12

ENTER YEAR Aq FOLLOW
2BLANXS, 4NUMBER
INPUT: 00650

? 1951

ENTER BEGINNING DAY AND MONTH AND ENDING DAY AND MONTH.
FOR THIS YEAR. EXAMPLEsBEGIN 13 APR. AND END 28 DEC*

ENTER: 13.4,28,12
INPUT:00570

? 1,1,31,12
ENTER YEAR AS FOLLOW

2BLAN KS, 4NUMBER

INUT:00650
T 1952

STOP

RUNNING TIME: 21.7 SECS I/0 TINE s 12.6 SECS

260

2 of 2 sheets
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APPENDIX G: PROCEDURES FOR CONVERTING MOISTURE CONTENT AND
CONE INDEX TO TERMS REQUIRED FOR THE AIRFIELD CONSTRUCTION EFFORT (ACE) MODEL

1. The Airfield Construction Effort (ACE) model requires as input

the moisture condition (wet or dry) and the California Bearing Ratio (CBR)

of the upper layer of surface material. Wet or dry conditions of the soil

and CBR can be derived from percent soil mcisture content and CI values,

respectively, that are output from the SMSP model. As previously discussed,

the SMSP model outputs data for the 0- to 15-cm and 15- to 30-cm layers,

respectively. Since the properties of the 15- to 30-cm layer more nearly

approximate the average properties of an upper layer of several feet of

soil thickness, which is of direct pertinence to the required airfield con-

struction effort, this second layer is the only layer considered in the

conversion procedures that follow.

Conversion of CI to CBR

2. The CBR for tzie ACE model can be derived from the following

equation:

CBR = 0.02 CL (15-30 cm layer)

This equation was derived fro, an analysis of data presented in plate

43 of reference 16, and closely approximates the relation shown in fig.

4.11 of reference 17. The following table shows CI claas values derived

from the above equation, that are equivalent to CBR classes used in the

ACE model:

Subgrade CBR Equivalent Subgrade CI

3-9 150-<500

10-20 500-1000

Gl
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It should be noted that a CI less than 150 or a CBR less than 3 indi-

cates that construction effort is not considered because the soil is

too soft to permit efficient operation of equipment.

Conversion of Moisture Content to Wet or Dry States

3. The soil moisture content at the plastic limit (PL)* is con-

sidered to be the boundary line between the dry and wet states of the

soil. Soils with moisture contents above PL act as plastic materials adhere to

equipment, and, in general, are more difficult to work than soils with

moisture contente below PL.

4. The wet or dry conditions of the soil can be determined from

one of the two following procedures, depending upon the availability of

PL information for the soil:

a. PL of the soil is known:

% MC (15- to 30-cm layer)
from SMSP Model Soil Moisture Condition

<PL Dry

;PL Wet

b. PL of soil is not known: Use data from the following tab-

ulation to estimate the PL of the soil, and then compare the PL with the

*Plastic limit units are in percent moisture content.

G2



percent moisture content (15- to 30-cm layer), as in a above, to

determine the dry or wet condition of the soil:

Average

Region Soil Type PL

Tropical Sand 16

Silt 26

Clay 33

Laterite 22

Temperate Sand 18

Silt 23

Clay 22

Arid Sand 16

Silt 21

Clay 21

Data in the above table were obtained from table 18 of reference 8.

Soil samples from 1066 sites were used to derive values of average PL.
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